Physiological and biochemical effect of biostimulants on Abelmoschus esculentus  (L.) and Cleome  gynandra  (L.) by Makhaye, Gugulethu.
i 
 
   
 
PHYSIOLOGICAL AND BIOCHEMICAL EFFECT OF 
BIOSTIMULANTS ON ABELMOSCHUS ESCULENTUS (L.) 
AND CLEOME GYNANDRA (L.) 
 
By 
Gugulethu Makhaye  
 
 
Submitted in fulfilment of the requirement for the degree of Master of 
Science (Agriculture), Horticultural Science 
 
 
School of Agricultural, Earth and Environmental Sciences 
College of Agriculture, Engineering and Science 
University of KwaZulu-Natal 
Pietermaritzburg 
Republic of South Africa  
 
Supervisor: Prof S. Tesfay (UKZN) 
 
Co-Supervisor: Prof S.O. Amoo (ARC)   
 





Table of Contents 
College of Agriculture, Engineering and Science; Declaration 1 – Plagiarism ........................ vi 
Student Declaration ..................................................................................................................... vii 
Declaration by Supervisors ........................................................................................................ viii 
Conference Contributions from this Thesis ................................................................................ ix 
Publications from this Thesis ......................................................................................................... x 
Potential Publications from this Thesis ....................................................................................... xi 
Acknowledgements ...................................................................................................................... xii 
List of Figures ............................................................................................................................. xiii 
List of Tables ................................................................................................................................. xv 
List of Abbreviations ................................................................................................................. xvii 
Abstract ........................................................................................................................................ xix 
Chapter 1: Introduction ..................................................................................................................... 1 
1.1. Background ................................................................................................................. 1 
1.2. Potential of biostimulants on plant growth .............................................................. 1 
1.3. Underutilized multipurpose plants............................................................................ 2 
1.3.1. Cleome gynandra L. ................................................................................................. 2 
1.3.2. Abelmoschus esculentus (L.) Moench ...................................................................... 2 
1.4. Problem statement ...................................................................................................... 3 
1.5. Aim and objectives ...................................................................................................... 3 
1.6. Research questions ...................................................................................................... 4 
1.7. Hypothesis ................................................................................................................... 4 
1.8. Overview of chapters in this thesis  ........................................................................... 4 
Chapter 2: Literature review ............................................................................................................. 5 
2.1. Introduction ......................................................................................................................... 5 
2.2. Approaches to improve soil fertility ................................................................................... 5 
2.1.1. Plant biostimulants and agricultural production ....................................................... 7 
2.3. Multipurpose plants .......................................................................................................... 22 
2.3.1. Distribution and general morphology of Abelmoschus and Cleome species ................ 22 
2.4. Nutritional value of Abelmoschus and Cleome species .......................................... 24 
iii 
 
2.4.1. Abelmoschus esculentus ................................................................................................ 24 
2.4.2. Cleome gynandra .......................................................................................................... 25 
2.5. Medicinal properties of Abelmoschus and Cleome species ............................................. 25 
2.5.1. Abelmoschus esculentus ................................................................................................ 26 
2.5.2. Cleome gynandra .......................................................................................................... 26 
2.6. Phytochemistry of Abelmoschus esculentus and Cleome gynandra ...................... 26 
2.7. Conclusion .......................................................................................................................... 28 
Chapter 3: Effects of biostimulants on the germination of Abelmoschus esculentus and Cleome 
gynandra genotypes ........................................................................................................................ 29 
3.1. Introduction ........................................................................................................................... 29 
3.2. Materials and methods .......................................................................................................... 29 
3.2.1. Source of biostimulants and seeds .................................................................................... 29 
3.2.2. Soaking duration ............................................................................................................... 30 
3.2.3. Seed germination using biostimulants .............................................................................. 30 
3.2.4. Data analysis ..................................................................................................................... 31 
3.3. Results ..................................................................................................................................... 31 
3.3.1. Effect of soaking period on Abelmoschus esculentus and Cleome gynandra seeds 
germination parameters. ............................................................................................................. 31 
3.3.2. Effect of genotype on Abelmoschus esculentus and Cleome gynandra germination 
parameters. .................................................................................. Error! Bookmark not defined. 
3.3.3. Effect of biostimulant treatments on Abelmoschus esculentus and Cleome gynandra 
genotypes germination parameters. ............................................................................................ 33 
3.3.4. Interaction effect of genotype and treatment of Abelmoschus esculentus and Cleome 
gynandra germination parameters. ............................................................................................. 36 
3.4. Discussion ............................................................................................................................... 41 
3.4.1. Effect of genotype on germination parameters of Abelmoschus esculentus and Cleome 
gynandra ..................................................................................................................................... 41 
3.4.2. Effect of biostimulant application and their interaction effect with Abelmoschus esculentus 
and Cleome gynandra genotypes on germination parameters. ................................................... 41 
3.5. Conclusion .............................................................................................................................. 43 
Chapter 4: Effects of biostimulants on the growth and yield responses of Abelmoschus esculentus 
and Cleome gynandra genotypes. ................................................................................................... 44 
iv 
 
4.1. Introduction ........................................................................................................................... 44 
4.2. Materials and methods .......................................................................................................... 44 
4.2.1. Source of biostimulants and seeds .................................................................................... 44 
4.2.2. Planting, seedling growth and yield .................................................................................. 45 
4.2.3. Data analysis ..................................................................................................................... 46 
4.3. Results ..................................................................................................................................... 46 
4.3.1. Effect of genotype on growth and yield of Abelmoschus esculentus and Cleome gynandra
 .................................................................................................... Error! Bookmark not defined. 
4.3.2. Effect of biostimulant treatments on growth and yield of Abelmoschus esculentus and 
Cleome gynandra. ....................................................................................................................... 46 
4.4. Discussion ............................................................................................................................... 51 
4.4.1. Effect of genotype on the growth and yield parameters of A. esculentus and C. gynandra
 .................................................................................................... Error! Bookmark not defined. 
4.4.2. Effect of biostimulant application on growth and yield of Abelmoschus esculentus and 
Cleome gynandra genotypes....................................................................................................... 51 
4.5. Conclusion .............................................................................................................................. 53 
Chapter 5: Effects of biostimulants on biochemical content and mineral elements of Cleome 
gynandra and Abelmoschus esculentus genotypes. ........................................................................ 54 
5.1. Introduction ........................................................................................................................... 54 
5.2. Materials and methods .......................................................................................................... 54 
5.2.1. Source of plant materials and chemicals........................................................................... 55 
5.2.2. Determination of total phenolic compounds (TPC) .......................................................... 55 
5.2.3. Determination of total flavonoid content (TFC) ............................................................... 55 
5.2.3. Determination of condensed tannins................................................................................. 55 
5.2.4. Determination of β-carotene. ............................................................................................ 56 
5.2.5. Determination of vitamin C .............................................................................................. 56 
5.2.6. Determination of mineral element content ....................................................................... 57 
5.2.7. Data analysis ..................................................................................................................... 57 
5.3. Results ..................................................................................................................................... 57 
5.3.1. Effect of genotype on biochemical content and mineral elements of Abelmoschus 
esculentus and Cleome gynandra ............................................... Error! Bookmark not defined. 
v 
 
5.3.2. Effect of biostimulant treatments on biochemical content and mineral elements of 
Abelmoschus esculentus and Cleome gynandra ......................................................................... 59 
5.3.3. Interaction effect of genotype and treatment on biochemical content and mineral elements 
of Abelmoschus esculentus and Cleome gynandra. .................................................................... 65 
5.4. Discussion ............................................................................................................................... 76 
5.4.1. Effect of genotype on the biochemical and mineral element content in Abelmoschus 
esculentus and Cleome gynandra ............................................................................................... 76 
5.4.2. Effect of biostimulant treatments and their interaction effect with Abelmoschus esculentus 
and Cleome gynandra genotypes biochemical content and mineral elements.  ......................... 77 
5.5. Conclusion .............................................................................................................................. 79 
Chapter 6: General conclusion and recommendations  .................................................................. 80 
References...................................................................................................................................... 82 






College of Agriculture, Engineering and Science; 
Declaration 1 – Plagiarism 
________________________________________________ 
 
I, Gugulethu Makhaye (218087164), declare that: 
1. The research reported in this thesis, except where otherwise indicated, is my original work.   
2. This thesis has not been submitted for any degree or examination at any other university.   
3. This thesis does not contain other persons’ data, pictures, graphs or other information, unless 
specifically acknowledged as being sourced from other persons.   
4. This thesis does not contain other persons' writing, unless specifically acknowledged as being 
sourced from other researchers. Where other written sources have been quoted, then:  
a. Their words have been re-written, but the general information attributed to them has been 
referenced, and  
b. Where their exact words have been used, then their writing has been placed in italics and inside 
quotation marks and referenced.   
5. This thesis does not contain text, graphics or tables copied and pasted from the Internet, unless 
specifically acknowledged, and the source being detailed in the thesis and in the References 
sections.   
           













Physiological and biochemical effect of biostimulants on Abelmoschus esculentus (L.) and Cleome 
gynandra (L.) 
 
I, Gugulethu Makhaye, student number: 218087164  
declare that: 
i. The research reported in this thesis, except where otherwise indicated is the result of my 
own endeavours in the College of Agriculture, Engineering and Science, School of Agriculture, 
Earth and Environmental Sciences, University of KwaZulu-Natal, Pietermaritzburg, South Africa; 
ii. This thesis has not been submitted for any degrees or examination at any other University; 
iii. This thesis does not contain data, figures or writing, unless specifically acknowledged, 
copied from other researchers; and 
iv. Where I have reproduced a publication of which I am an author or co-author, I have 
indicated which part of the publication was contributed by me. 
 









Conference Contributions from this Thesis 
________________________________________________ 
 
1. Gugulethu Makhaye, Stephen O. Amoo, Abe S. Gerrano, Adeyemi O. Aremu., Samson Tesfay. 
Effect of biostimulants on germination of okra (Abelmoschus esculentus L.) genotypes. Combined 

























Publications from this Thesis 
________________________________________________ 
 
1. Gugulethu Makhaye, Motiki M Mofokeng, Samson Tesfay, Adeyemi O. Aremu, Johannes Van 
Staden, Stephen O. Amoo. 2021. Influence of plant biostimulant application on seed germination. 
In: Biostimulants for crops from seed germination to plant development. Shubhpriya Gupta and 





Potential Publications from this Thesis 
 _______________________________________________ 
 
1. Effects of biostimulants on the germination of Abelmoschus esculentus and Cleome gynandra 
genotypes. 
2. Effects of biostimulants on the growth, yield, biochemical and mineral elements content on 
Abelmoschus esculentus genotypes. 
3. Effects of biostimulants on growth, yield, biochemical and mineral elements content of Cleome 





I would like to express my appreciation and gratitude to: 
 My supervisor, Prof S. Tesfay, for providing institutional support and guidance. 
 My co-supervisor, Prof S.O Amoo, for his guidance and support throughout the completion 
of this study. 
 My co-supervisor, Prof A.O. Aremu, for constructive criticism, encouragement and support 
throughout the thesis write-up. 
 Agricultural Research Council-VOPI staff for their support and assistance when conducting 
my experimental work and Miss Liesl Morey from ARC-Biometry for assisting with 
statistical analysis. 
 The National Research Foundation (grant UID: 114065), AgriSeta and University of 
KwaZulu-Natal scholarship for financial support. 
 My mom and late dad, for their support and prayers and my son for being a constant source 
of my motivation. 




List of Figures 
Figure 2.1: Morphology of Abelmoschus esculentus A-whole plant, B-pods, and C-seeds (source: 
https://avrdc.org/give/). .................................................................................................................. 23 
Figure 2.2: Morphology of Cleome gynandra A-whole plant, B-flowers, and C-seeds (source: 
https://avrdc.org/give/). .................................................................................................................. 24 
Figure 3.1: Effect of Abelmoschus esculentus genotype on (A) final germination percentage, (B)  mean 
germination time, (C) germination index (D) coefficient of the velocity of germination (E) 
germination rate index and (F) time spread of germination. In each graph, bars with different 
letter(s) are significantly different (p≤0.05). .................................. Error! Bookmark not defined. 
Figure 3.2: Effect of Cleome gynandra genotypes on (A) final germination percentage, (B) mean germination 
time, (C) germination index, (D) co-efficient of the velocity of germination, (E) germination rate 
index and (F) time spread of germination. Bars with a different letter(s) are significantly different 
(p≤0.05). ......................................................................................... Error! Bookmark not defined. 
Figure 3.3: Effect of biostimulant treatments on germination parameters of Abelmoschus esculentus genotypes 
(A) final germination percentage, (B) mean germination time, (C) germination index, (D) co-
efficient of the velocity of germination, (E) germination rate index and (F) time spread of 
germination. Bars with a different letter(s) are significantly different (p≤0.05). ........................... 34 
Figure 3.4: Effect of biostimulant treatments on germination parameters of Cleome gynandra genotypes (A) 
final germination percentage, (B) mean germination time, (C) germination index, (D) coefficient of 
the velocity of germination, (E) germination rate index and (F) time spread of germination. Bars 
with a different letter(s) are significantly different (p≤0.05). ......................................................... 35 
Figure 4.1: Effect of Abelmoschus esculentus genotypes on (A) plant height (mm), (B) number of leaves, (C) 
chlorophyll content (SPAD) and (D) stem diameter (mm). Bars with different letters are 
significantly different (p≤0.05). ...................................................... Error! Bookmark not defined. 
Figure 4.2: Effect of Abelmoschus esculentus genotypes on (A) total number of pods, (B) total fresh weight of 
pods (g) and (C) total dry weight of pods (g). Bars with different letters are significantly different 
(p≤0.05). ......................................................................................... Error! Bookmark not defined. 
Figure 4.3: Effect of Cleome gynandra genotypes on (A) plant height (mm), (B) number of leaves, (C) 
chlorophyll content (SPAD) and (D) stem diameter (mm). Bars with a different letter(s) are 
significantly different (p≤0.05). ...................................................... Error! Bookmark not defined. 
Figure 4.4: Effect of Cleome gynandra genotypes on (A) total fresh weight of harvested leaves (g) and (B) total 
dry weight of harvested leaves (g). Bars with a different letter(s) are significantly different (p≤0.05).
 ........................................................................................................ Error! Bookmark not defined. 
Figure 4.5: Effects of biostimulant treatments on growth parameters of Abelmoschus esculentus genotypes (A) 
plant height (mm), (B) number of leaves, (C) chlorophyll content (SPAD) and (D) stem diameter 
(mm). Bars with a different letter(s) are significantly different (p≤0.05). ...................................... 47 
xiv 
 
Figure 4. 6: Effects of biostimulant treatments on growth parameters of Abelmoschus esculentus genotypes (A) 
total number of pods, (B) total fresh weight of pods (g) and (C) total dry weight of pods (g). Bars 
with a different letter(s) are significantly different (p≤0.05). ......................................................... 48 
Figure 4.7: Effects of biostimulant treatments on growth parameters of Cleome gynandra genotypes (A) plant 
height (mm), (B) number of leaves, (C) chlorophyll content (SPAD) and (D) stem diameter (mm). 
Bars with a different letter(s) are significantly different (p≤0.05). ................................................. 49 
Figure 4.8: Effects of biostimulant treatments on growth parameters of Cleome gynandra genotypes (A) total 
fresh weight of harvested leaves and (B) total dry weight of harvested leaves (g). Bars with different 
letters are significantly different (p≤0.05). ..................................................................................... 50 
Figure 5.1: Effect of Abelmoschus esculentus genotype on (A) β-carotene, (B) Vitamin C, (C) Total phenolic 
content, (D) Total flavonoid content and (E) Condensed tannins. In each graph, bars with different 
letter(s) are significantly different (p≤0.05). .................................. Error! Bookmark not defined. 
Figure 5.2: Effect of Abelmoschus esculentus genotype on (A) Calcium, (B) Iron, (C) Potassium, (D) 
Magnesium, (E) Sodium and (F) Zinc. In each graph, bars with different letter(s) are significantly 
different (p≤0.05). ........................................................................... Error! Bookmark not defined. 
Figure 5.3: Effect of Cleome gynandra genotype on (A) β-carotene, (B) Vitamin C, (C) Total phenolic content, 
(D) Total flavonoid content and (E) Condensed tannins. In each graph, bars with a different letter(s) 
are significantly different (p≤0.05). ................................................ Error! Bookmark not defined. 
Figure 5.4: Effect of Cleome gynandra genotype on (A) Calcium, (B) Iron, (C) Potassium, (D) Magnesium, (E) 
Sodium and (F) Zinc. In each graph, bars with different letter(s) are significantly different (p≤0.05).
 ........................................................................................................................................................ 58 
Figure 5.5: Effect of biostimulant application on the concentration of different biochemical parameters in 
Abelmoschus esculentus genotypes. (A) 𝛽-carotene, (B)  Vitamin C, (C) Total phenolic content, 
(D) Total flavonoid content and (E) Condensed tannins. In each graph, bars with different letter(s) 
are significantly different (p≤0.05). ................................................................................................ 60 
Figure 5.6: Effect of biostimulant application on the concentrations of different mineral elements in 
Abelmoschus esculentus genotypes. (A) Calcium, (B) Iron, (C) Potassium, (D) Magnesium, (E) 
Sodium and (F) Zinc. In each graph, bars with different letter(s) are significantly different (p≤0.05).
 ........................................................................................................................................................ 61 
Figure 5.7: Effect of biostimulant application on the concentration of different biochemical parameters in 
Cleome gynandra genotypes. (A) 𝛽-carotene, (B) Vitamin C, (C) Total phenolic content, (D) Total 
flavonoid content and (E) Condensed tannins. In each graph, bars with different letter(s) are 
significantly different (p≤0.05). ...................................................................................................... 63 
Figure 5.8: Effect of biostimulant application on the concentrations of different mineral elements in Cleome 
gynandra genotypes. (A) Calcium, (B)  Iron, (C) Potassium, (D) Magnesium, (E) Sodium and (F) 




List of Tables 
Table 2.1: Effect of different biostimulants on seed germination. .................................................................... 9 
Table 2.2: Phytochemical content of Abelmoschus esculentus and Cleome gynandra ................................... 27 
Table 3.1: Imbibition period of Abelmoschus esculentus seeds incubated at 25℃. FGP= final germination 
percentage, MGT= mean germination time, GI= germination index, CVG= coefficient of velocity 
of germination, GRI = germination rate index, TSG =time spread of germination. In each column, 
values followed by different letters indicate statistically significant (p≤0.05) differences, n.s= not 
significant ....................................................................................................................................... 32 
Table 3.2: Imbibition period of Cleome gynandra seeds incubated at alternating temperatures of 30/20℃. 
FGP= final germination percentage, MGT= mean germination time, GI= germination index, CVG= 
coefficient of velocity of germination, GRI = germination rate index, TSG =time spread of 
germination. In each column, values followed by different letters indicate statistically significant 
(p≤0.05) differences, n.s= not significant. ...................................................................................... 32 
Table 3.3: Interaction effect of Abelmoschus esculentus genotypes and biostimulant (KLP =Kelpak®, PGPR 
=plant growth promoting rhizobacteria) treatments. FGP= final germination percentage, MGT= 
mean germination time, GI= germination index, CVG= coefficient of velocity of germination, GRI 
= germination rate index, TSG =time spread of germination. In each column, values followed by 
different letters indicate statistically significant (p≤0.05) differences. ........................................... 37 
Table 3.4: Interaction effect of Cleome gynandra genotypes and biostimulant (KLP =Kelpak®, PGPR =plant 
growth promoting rhizobacteria) treatments. FGP= final germination percentage, MGT= mean 
germination time, GI= germination index, CVG= coefficient of velocity of germination, GRI = 
germination rate index, TSG =time spread of germination. In each column, values followed by 
different letters indicate statistically significant (p≤0.05) differences. ........................................... 38 
Table 4.1: Chemical and physical properties of potting soil used in the current study. .................................. 45 
Table 5.1: Interaction effect of Abelmoschus esculentus genotypes and biostimulant (KLP =Kelpak® dilution, 
PGPR = plant growth promoting rhizobacteria, dilution) treatments on biochemical parameters. In 
each column, values followed by different letters indicate statistically significant (p≤0.05) 
differences. ..................................................................................................................................... 66 
Table 5.2: Interaction effect of Abelmoschus esculentus genotypes and biostimulant (KLP =Kelpak® dilution, 
PGPR = plant growth promoting rhizobacteria, dilution) treatments on the concentration (mg/100 
g sample) of mineral elements. In each column, values followed by different letters indicate 
statistically significant (p≤0.05) differences. .................................................................................. 68 
Table 5.3: Interaction effect of Cleome gynandra genotypes and biostimulant (KLP =Kelpak® dilution, PGPR 
= plant growth promoting rhizobacteria, dilution) treatments on biochemical parameters. In each 
column, values followed by different letters indicate statistically significant (p≤0.05) differences.
 ........................................................................................................................................................ 71 
xvi 
 
Table 5.4: Interaction effect of Cleome gynandra genotypes and biostimulant (KLP =Kelpak® dilution, PGPR 
= plant growth promoting rhizobacteria, dilution) treatments on the concentration (mg/100 g 
sample) of mineral elements. In each column, values followed by different letters indicate 





List of Abbreviations 
_______________________________________________ 
 
ABA   Abscisic acid 
AlCl3   Aluminium chloride 
ANOVA  Analysis of Variance 
As   Arsenic 
ATP   Adenosine triphosphate 
Ca   Calcium 
Cu   Copper 
CVG   Coefficient of velocity of germination 
EC   Electrical conductivity 
Fe   Iron 
FGP   Final germination percentage 
GA   Gibberellic acid  
GI   Germination Index 
GRI   Germination rate index 
HCl   Hydrochloric acid 
HM   Humic material 
HPLC   High-performance liquid chromatography 
HS   Humic substances 
IAA   Indole-3-acetic acid  
ICP-OES  Inductively coupled plasma - optical emission spectrometry 
K   Potassium 
LSD   Least significant difference 
Mg   Magnesium 
MGT   Mean germination time 
xviii 
 
N   Nitrogen 
Na   Sodium 
Na2CO3   Sodium carbonate 
NaCl   Sodium chloride 
NaNO2   Sodium nitrate 
NaOH   Sodium hydroxide 
Pb   Lead 
PGPR   Plant growth promoting rhizobacteria 
TCA   Tricarboxylic acid 
TFC   Total flavonoid content 
TPC   Total phenolic content 
TSG   Time spread of germination 
VOC   Volatile organic compounds 







Abelmoschus esculentus (L.) and Cleome gynandra (L.) are neglected plants, often collected from 
the wild, with dual benefits of nutritional and medicinal values, especially in rural communities. 
Biostimulants are well-known for their stimulatory effect on plant physiological processes, from 
germination to full maturity. In the current study, the effect of biostimulant application was 
investigated on the germination, growth, yield and biochemical quality of selected A. esculentus 
and C. gynandra genotypes, as a tool for improving their physiological and biochemical aspects. 
The study involved two biostimulants [Kelpak® (1:100, 1:40 and 1:20, dilutions)] and plant growth 
promoting rhizobacteria = PGPR (1:5, 1:10 and 1:15, dilutions)] as well as their interaction effect 
on the different genotypes of A. esculentus (Okra PB1, PB2, PB3, PB4 and PB5) and C. gynandra 
(TOT10212, TOT8420, Cleome 3, Cleome Maseno and Cleome Arusha). The parameters evaluated 
were seed germination, vegetative growth, yield, biochemical (ꞵ-carotene, vitamin C, total 
phenolic, flavonoids and condensed tannins) and mineral elements content (Ca, Fe, K, Mg, Na and 
Zn).  
Germination of A. esculentus and C. gynandra was influenced by different genotypes and 
biostimulants. Okra PB2 and Okra PB4 had significantly enhanced Final Germination Percentage 
(FGP), Germination index (GI) and Germination Rate Index (GRI). Similarly, genotype TOT10212 
had significantly increased FGP, GI and GRI while Cleome 3 had least FGP, GI, GRI and 
Coefficient of Velocity of Germination (CVG). The effect of Kelpak® treatments on FGP, GI, Mean 
Germination Time (MGT) and GRI was significantly comparable to that of control. The effect of 
PGPR treatments on FGP, GI and GRI significantly increased with increasing PGPR dilutions. In 
A. esculentus, the interaction of Kelpak® (1:100) and genotype OkraPB1 significantly improved 
germination parameters (FGP, GI and GRI) while no stimulatory effect was observed on the 
interaction of biostimulants and Okra PB2, PB3, PB4 and PB5. In C. gynandra, the biostimulants 
especially PGPR (1:5, 1:10 and 1:15), inhibited germination parameters (FGP, GI and GRI) of 
genotype TOT10212. 
A. esculentus genotypes showed different growth parameters. For instance, Okra PB5 had 
significantly higher plant height while Okra PB4 had least plant height. Biostimulants further 
influenced the vegetative growth and yield of A. esculentus and C. gynandra genotypes. Plant 
height, chlorophyll content and stem diameter of A. esculentus genotypes was significantly 
enhanced by PGPR (1:5, 1:10 and 1:15) application. The yield (number of pods, total fresh weight 
and total dry weight) of A. esculentus was enhanced by PGPR (1:5, 1:10 and 1:15) application. 
Plant growth promoting rhizobacteria (1:5, and 1:10) enhanced the chlorophyll content, stem 
diameter and yield (total fresh and total dry weight of leaves) of C. gynandra genotypes. No 
inhibitory effect was observed on the growth and yield of A. esculentus and C. gynandra genotypes 
xx 
 
following biostimulant treatments. Interaction of biostimulants with A. esculentus and C. gynandra 
genotypes had no significant effect on growth and yield parameters. 
The biochemical and mineral elements content of A. esculentus and C. gynandra genotypes was 
influenced by genotype and biostimulant (both Kelpak® and PGPR dilutions) application. In C. 
gynandra, biostimulants enhanced the ꞵ-carotene, total flavonoid and total phenolic content. Okra 
PB4 had significantly enhanced vitamin C and total phenolic content while Okra PB5 had 
significantly higher total flavonoid content. Genotype TOT10212 had significantly increased Ca, 
Fe, Mg and Na content. However, the content of condensed tannins together with Fe and Mg of C. 
gynandra genotypes was inhibited by biostimulants application. Application of PGPR-1:5, 
Kelpak®-1:40 and Kelpak®-1:20 significantly enhanced total phenolic, total flavonoid and 
condensed tannins of A. esculentus genotypes. Furthermore, biostimulants had varying effects on 
the mineral element content. A significant increase was observed on Fe content when A. esculentus 
genotypes were treated PGPR (1:10). Application of Kelpak® (1:100 and 1:40) caused a significant 
decrease on the Ca content of A. esculentus genotypes. The interaction effect of biostimulants 
application and genotypes significantly inhibited the mineral elements of C. gynandra genotypes 
while significantly enhancing the vitamin C and condensed tannins of Okra PB3. 
The current study demonstrated the differential effect of biostimulants application (Kelpak® and 
PGPR) on A. esculentus and C. gynandra genotypes. The application of biostimulants can therefore, 
be used to enhance germination, growth, yield, biochemical content and mineral elements, 




Chapter 1: General introduction 
 
1.1. Background 
In developing countries, approximately 805 million people are undernourished, in addition to an 
estimated 60% childhood deaths attributed to malnutrition (Fawole et al., 2015). During the period 1990 
to 2014, hunger in Sub-Saharan Africa has increased at a rate of 9.3% (Fawole et al., 2015, Ilaboya et 
al., 2012). The major causes for this increase include climate change, increasing population, and poor 
agricultural sector development leading to insufficient agricultural outputs (Garrity et al., 2010, Fawole 
et al., 2015).  
In Africa, the population growth is estimated to reach 2.4 billion by 2050, which will result in an 
approximately one in four people subjected to food insecurity and nutritional deficiencies (Garrity et 
al., 2010, Meerman, 2012, Hall et al., 2017). This has led to an increase in agricultural-related activities 
in an attempt to address hunger. Agricultural intensification and expansion have played a major role in 
yield increment and have conversely led to land degradation (Hartemink, 2007, Garrity et al., 2010). In 
Sub-Saharan Africa, approximately 65% of land used for agricultural production is subjected to land 
degradation leading to low soil fertility, thus affecting 65% of livelihoods and food production (Garrity 
et al., 2010, Bot and Benites, 2005). 
Soil fertility is the ability of the soil to sustain good agricultural plant production through the provision 
of essential nutrients while causing the least environmental degradation (Chakraborty and Mistri, 2015). 
Soil fertility has been declining at an alarming rate and has led to various agricultural setbacks, including 
nutrient depletion, acidification, loss of organic matter, and an increase in toxic elements (Hartemink, 
2007). Several strategies have been implemented to mitigate this challenge including the use of manure, 
inorganic fertilizer, lime, organic materials (compost, mulch, and biostimulants), and inclusion of 
legumes in the cropping systems (Hartemink, 2007, ITPS, 2015). 
 
1.1. Potential of biostimulants on plant growth 
Biostimulants are organic material, other than organic fertilizers, that when applied to the plant, growth 
media or seeds, positively alter physiological processes of the plant and promote plant growth (Du 
Jardin, 2015). Biostimulants can affect plants both internally and externally (Roberts et al., 2015). 
Internally, they promote various biological activities including photosynthesis, nucleic acid synthesis 
and respiration, antioxidant and chlorophyll production, and increased metabolism (Sharma et al., 
2013). Externally, they interact with the environment by promoting soil microbial activity and soil 
enzymes through the promotion of phytohormones activity (Duan-yin et al., 2014). Furthermore, some 
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biostimulants promote growth of endophytic and non-endophytic organisms that interact with 
phytohormones (Brown and Saa, 2015). Thus, biostimulants can increase yield and enhance quality, 
promote plant tolerance to and recovery from abiotic stress, promote nutrient assimilation, 
translocation, and use, and promote efficient water use (Calvo et al., 2014, Bulgari et al., 2019). 
Biostimulants promote plant growth and development in all growth stages of plant’s life cycle, from 
germination to full maturity (Calvo et al., 2014). 
 
1.2. Underutilized multipurpose plants 
Plants have, for centuries, been consumed for nutritional purposes and used for primary healthcare in 
Africa. Some of these plants are multipurpose, and are mainly used as medicine and food security crops. 
Two examples of such plants are described below. 
 
1.2.1. Cleome gynandra L. 
Cleome gynandra L. is an erect annual plant that originated from tropical Africa and South-East Asia 
and belongs to the Cleomaceae family (Kiebre et al., 2015, Omondi et al., 2017). Cleome gynandra is 
one of the most important and common leafy vegetables in Africa because of its natural, voluntary 
occurrences (Kwarteng et al., 2018) and nutritional content. The plant serves as a dietary supplement 
during the dry season, providing health benefits to the rural communities where nutrient deficiencies 
are a common occurrence (Kiebre et al., 2015, Kwarteng et al., 2018). As a leafy vegetable, C. gynandra 
is predominantly high in vitamin A, iron, and iodine (Kujeke et al., 2017) while as a medicinal plant, it 
is rich in bioactive secondary metabolites including glucosinolates and flavonoids (Omondi et al., 
2017). 
 
1.2.2. Abelmoschus esculentus (L.) Moench 
Abelmoschus esculentus (L.) Moench is a warm-season flowering plant belonging to the Malvaceae 
family which originated from Africa (DAFF, 2012, Poorva and Sunita, 2017). In international markets, 
A. esculentus plays a role as a food security crop and for its medicinal value (Tian et al., 2015). It is a 
rich source of carbohydrates, fats, proteins, vitamins, and minerals, all of which make it a valuable crop 
for combatting human nutrient deficiencies (Adekiya et al., 2017). Furthermore, A. esculentus is highly 
valued in pharmaceutical industries for its high biopolymers and bioactive compounds including β-




1.3. Problem statement 
The increasing world population is expected to impose a 70% increase in global demand for agricultural 
production (FAO., 2011, FAO, 2017). With agricultural expansion and intensification being potential 
tools for combatting world hunger, a further decline in soil fertility is inevitable (FAO., 2011). Various 
factors contribute to decreasing soil fertility, including climate change and anthropogenic activities such 
as production and use of inorganic fertilizers (Smith et al., 2016). During the cultivation of multipurpose 
plants, the use of inorganic fertilisers is often employed. 
Multipurpose plants play a vital role in various communities as they ensure food security and also serve 
as medicine. About 80% of the population in developing countries depend on traditional medicine for 
primary healthcare (Jamshidi-Kia et al., 2018). In Ethiopia, A. esculentus is known as a perfect villagers 
crop because of its contribution in rural communities, serving as food and holding pharmaceutical value 
(Kumar et al., 2018, Gemede, 2015). On the other hand, C. gynandra has played an important role over 
the years in rural communities as evident in the Ayurvedic pharmacopeia of India indicating that the 
consumption of C. gynandra date back to 3 000 years (Seethapathy et al., 2019). However, more 
research on C. gynandra including crop improvement, out-of-season cultivation, and fertilizer regimes 
to ensure successful cultivation of this plant remains essential (Chweya and Mnzava, 1997, Motsa et 
al., 2015). In Africa, these two plants remain amongst the most consumed vegetables in rural 
communities while being undervalued in urban communities (Mokganya and Tshisikhawe, 2019, 
Chagomoka et al., 2015). 
However, climate change and declining soil fertility resulting from modern agricultural expansion and 
intensification makes the domestication of multipurpose plants a challenge (El-Naggar et al., 2019). 
This, therefore, heightens the need for improved cultivation techniques of multipurpose plants, 
including A. esculentus and C. gynandra. However, there is insufficient information on cultivation 
inputs with the potential to positively affect the physiology and biochemistry of these plants and with 
minimum negative impact on the environment. 
 
1.4. Aim and objectives 
This study aims to determine the physiological and biochemical effects of two biostimulants [Kelpak® 
(KLP) and plant growth promoting rhizobacteria (PGPR)] on the cultivation of Abelmoschus esculentus 
and Cleome gynandra.  
The objectives of this study are to: 
• Determine the effect of the biostimulants on the germination, seedling establishment, growth 
and yield of A. esculentus and C. gynandra genotypes. 
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• Assess the effect of the biostimulants on the biochemical and mineral elements content of A. 
esculentus and C. gynandra genotypes. 
 
1.5. Research questions 
The current research is guided by the following questions: 
• What are the effect of biostimulants on seed germination, seedling establishment, seedling growth 
and yield of A. esculentus and C. gynandra?  
• How does the application of biostimulants affect the biochemical and mineral elements content of A. 
esculentus and C. gynandra? 
 
1.6. Hypothesis 
Biostimulant application will not improve the germination rate, growth, yield, biochemical content and 
mineral elements of A. esculentus and C. gynandra genotypes. 
 
1.7. Overview of chapters in this thesis  
Chapter 1 provides the background, problem statement, aim and objectives, and research questions of 
the current study. 
Chapter 2 entails a critical appraisal of the nutritional and pharmacological potential of the two selected 
multipurpose plants (Abelmoschus esculentus and Cleome gynandra). In addition, the chapter provides 
a detailed overview on the potential of biostimulants on crop production (seed germination, plant 
growth, yield, biochemical and mineral elements content). 
Chapter 3 presents an evaluation of the effect of biostimulant application on the germination 
parameters of Abelmoschus esculentus and Cleome gynandra genotypes. 
Chapter 4 focusses on the physiological (growth and yield) influence of biostimulant application on A. 
esculentus and C. gynandra genotypes. 
Chapter 5 details the effect of biostimulants on the phytochemical and nutritional value of A. esculentus 
and C. gynandra genotypes. 
Chapter 6 presents a summary of the main findings of the study. 
The section ‘References’ is a list of all the literature cited in this thesis. 
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Chapter 2: Literature review  
2.1. Introduction  
Globally, soil fertility has been declining at an alarming rate, which poses a challenge in agricultural 
production (Hartemink, 2007). Various strategies have been employed to address soil infertility, and 
the use of chemical fertilizers has proven to be beneficial in maximizing the yield. Even though 
chemical fertilizers increase agricultural production, and enhance the nutritional and biochemical 
content in plants, their indiscriminate use deteriorates the environment over a long period. Biostimulant 
application can enhance crop production with reduced dependency on chemical fertilizers due to their 
effect on the physiology and biochemistry of plants. Because of their positive effect on crop production, 
biostimulants are used by growers to promote plant growth, especially in less fertile soils (Halpern et 
al., 2015).  
In a food-insecure society, the cultivation of multipurpose plants is often neglected because their 
nutritional and pharmacological potentials are poorly documented. Genus Abelmoschus consists of up 
to approximately 14 species, of which only four are cultivated (Patil et al., 2015b, Werner et al., 2015). 
Abelmoschus species are predominantly annual, biennial, or perennial herbs with often tomentose or 
hispid trichomes (Yadav et al., 2014). Cultivated species of Abelmoschus genus are consumed as food 
and also explored for their medicinal value. The genus Cleome was first described under the family 
Capparidaceae by Linnaeus in 1753 and was later elevated to the family Cleomaceae by Airy Shaw in 
1965 (Riaz and Abid, 2018). However, phylogenetic studies show that Cleomaceae species are closer 
to Brassicaceae as compared to Capparaceae (Aparadh et al., 2012). Cleome genus comprises of over 
200 species, generally characterized by glandular pubescent or glabrous herbs lacking spines (Zhang et 
al., 2018, Castro et al., 2014). This genus is well-documented for its medicinal properties and its value 
in food security and nutrition. This chapter documents the potential effect of biostimulants on crop 
production and provides an appraisal of the nutritional and pharmacological potential of the two selected 
multipurpose plants. 
 
2.2. Approaches to improve soil fertility 
Soil is a dynamic living system that is capable of providing many ecosystem services such as water 
regulation, nutrient cycling, and controlling pests and diseases (Kumar et al., 2018). It is a non-
renewable loose material found on the surface of the earth, consisting of both inorganic and organic 
matter, and microorganisms, that degrades rapidly but extremely slow in the formation and regeneration 
process (Hartemink, 2007). Soil amendments are often used to assist in the regeneration process, 
sustaining and increasing the productivity of the soil.  
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Soil fertility refers to the ability of the soil to sustain good agricultural plant production through the 
provision of essential nutrients while causing negligible environmental degradation (Chakraborty and 
Mistri, 2015). Generally, soil fertility is a term used to describe the physical, chemical, and biological 
properties of the soil (Voltr, 2012). In a fertile soil, the biological parameters (soil organisms) 
effectively turn organic matter and nutrients to plant yields, protect plants from biotic stress, build-up 
organic material, and improve the physical properties of soils (ORC, 2016). Soil is considered fertile 
when it yields healthy crops over a long period with minimal inputs especially fertilizers (ORC, 2016).  
Soil infertility negatively affects the physical and chemical properties of soil, which is coupled with a 
decrease in soil organic matter, pH, available plant nutrients, and cation exchange capacity (CEC) 
(Hartemink, 2007). This infertility further includes a decrease in soil available nutrients, nutrient 
mining, and acidification (caused by an increase in exchangeable Al, Mn) (Hartemink, 2007). Soil 
fertility is important in maintaining agricultural homeostasis. Soil degradation (due to industrialization 
and intensive agricultural practice) is a major contributor to soil fertility decline along with salinization, 
desertification, erosion, poor organic matter management, overgrazing, and continuous cultivation 
(Yebo, 2015, El-Naggar et al., 2019). In a continually cultivated and unsustained soil, an average of 22 
kg of nitrogen, 2.5 kg of phosphorus, and 15 kg of potassium are lost per hectare per season (Agwe et 
al., 2007). This, therefore, raises the need for soil fertility management. 
Soil fertility management refers to the application of the knowledge of agricultural practices, which 
focus on maximizing nutrient use efficiency to increase agricultural production (El-Naggar et al., 2019). 
Furthermore, soil fertility management combines technologies and strategies that preserve soil quality 
while promoting its productivity (Nguemezi et al., 2020, Sanginga and Woomer, 2009). This practice 
includes the use of inorganic fertilizers (pre-plant and top-dressing), application of organic resources 
coupled with enhancement and maintenance of soil organisms and biological processes over a long 
period (Krah et al., 2019). Agricultural amendments have been used as a soil fertility management 
strategy to correct soil infertility and secure food security for humanity (Hue and Silva, 2000). 
Agricultural amendments refer to any material or substance that when added to the soil improves the 
physical properties to provide a better environment for plant growth (Davis and Whiting, 2013). Soil 
amendments can either be organic or inorganic, and the difference between the two is based on their 
origin. Inorganic amendments are usually mined or artificial. The major agricultural amendment that is 
largely used is inorganic fertilizers. However, inorganic fertilizers are not a sustainable measure for the 
restoration and rehabilitation of the soil in the long-term (El-Naggar et al., 2019). In certain parts of the 
world, especially in Africa where soils are extremely degraded, the sole use of inorganic fertilizers has 
proven to be inadequate in improving and sustaining soil fertility even though they provide nutrients 
that are readily available to plants (García-Carmona et al., 2020, Stewart et al., 2020). The use of 
inorganic fertilizers does not only improve crop yields but also increases the number of available crop 
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residues which are useful for organic inputs to the soil (Sanginga and Woomer, 2009). Typical examples 
of inorganic amendments include but are not limited to perlite, tire chunks, sand, vermiculite, and pea 
gravel (Davis and Whiting, 2013). However, the continual use of inorganic fertilizers do not sustain the 
environment but rather deteriorates it. This is because of the observed effects of the leaching of nitrogen 
(and volatilization) and phosphorus into water bodies, thus causing water contamination and 
eutrophication (Fairhurst, 2012).  
Organic amendments are sourced from materials that originate from living organisms and include 
sphagnum, wood chips, peat, straw, grass clippings, manure, compost, wood ash, sawdust, and biosolids 
(Davis and Whiting, 2013). Soil organic amendments increase soil organic matter while providing 
various benefits to the soil including improving soil aeration, water and nutrient holding capacities, 
water infiltration, pH and EC, porosity, and biological activity and composition (Stewart-Wade, 2020). 
Organic amendments are less concentrated, thus, insufficient in providing required nutrient levels 
because their nutrients are often not readily available and are released slowly into the soil through 
decomposition and mineralization (Buckwalter and Fake, 2003). These amendments can tie up nitrogen 
in the soil causing nitrogen deficiency (Davis and Whiting, 2013). Risks associated with organic 
amendments include poorly made products with unacceptable levels of impurities and contamination 
(heavy metals, pathogens from livestock manure), and inappropriate matching of a compost product for 
the intended use (maturity and application timing) (Wealth and Protection, 2018). The need for 
sustainable and environmentally friendly strategies of agricultural production other than the use of soil 
amendments remain high. This is because of the limitations that come with both organic and inorganic 
soil amendments (soil conditioners). However, the use of biostimulants in crop production has recently 
gained more attention due to their positive effects (sustainable and environmentally friendly). 
 
2.1.1. Plant biostimulants and agricultural production 
Biostimulants are substances/micro-organisms other than fertilizers, pesticides, soil conditioners, and 
phytohormones that when applied to the plant, seed, or growth substance, positively alter the plant's 
physiological processes to increase growth, mitigate stress-induced limitations and increase the yield 
(Yakhin et al., 2016, Du Jardin, 2015). Biostimulants are sometimes referred to as plant conditioners, 
metabolic enhancers, or phytostimulators (Yakhin et al., 2016). These materials are often concoctions 
of one or more materials such as plant growth promoting rhizobacteria (PGPR), enzymes, seaweed 
extracts, humic acid and trace elements, micro-organism, and yeast (Abbas, 2013). Biostimulants are 
derived from complex sources that contain various bioactive compounds that can potentially benefit 
plants (Nardi et al., 2016, Brown and Saa, 2015). Major groups of biostimulants include beneficial fungi 
and bacteria, chitosan and other biopolymers, protein hydrolysates, and other N-containing compounds, 
seaweed extracts and botanicals, and humic and fulvic acids (Du Jardin, 2015). 
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Biostimulants are widely used by growers throughout the growth cycle of plants (Albrecht, 2017). 
Biostimulants promote plant growth and development throughout life cycle of the plant, from 
germination to full physiological maturity (Calvo et al., 2014). Biostimulants can either affect the plant 
biochemical cascade or stimulate endophytic and non-endophytic fungi, and bacteria to facilitate the 
production of molecules that will benefit the plant (Brown and Saa, 2015).  
These substances and organisms promote plant growth, production of hormones or growth regulators, 
the activity of rhizosphere microbes and soil enzymes, and biological processes including 
photosynthesis (Nardi et al., 2016). Biostimulants improve the soil physical-chemical properties, water, 
and nutrient use holding capacity, lateral root growth and architecture, crop quality, and tolerance to 
biotic and abiotic stress (Brown and Saa, 2015). These substances further facilitate nutrient assimilation, 
translocation and use, and quality attributes (including nutrition and sugar content) (Calvo et al., 2014). 
Table 2.1 outlines the role of biostimulants on seed germination.  
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2.1.1.1. Seaweed extracts 
Seaweed extracts are extracts of quintessential members of inshore, marine ecosystems which provide 
shelter and food to numerous marine biota and can even contribute to the modification of 
physicochemical properties of seawater (Khan et al., 2009). The biochemical content and functional 
properties of these products are complex and affected by the preparation method (EL Boukhari et al., 
2020). In general, because of their potential effects against seasonal stress, the benefits of seaweed 
extracts are likely to be seasonally and concentration-dependent. 
These extracts act as chelators, improving the utilization of mineral nutrients by plants, and improving 
soil structure and aeration, which may stimulate root growth (EL Boukhari et al., 2020). Seaweed 
extracts are a rich source of amino acids, bioactive secondary metabolites, vitamins, vitamin precursors, 
polysaccharides, phytohormones, macro- and microelements (Battacharyya et al., 2015). Bioactive 
secondary metabolites, vitamins, and vitamin precursors interact synergistically to improve plant 
growth by various mechanisms. Polysaccharides improve growth, play a role in plant defence against 
fungal and bacterial pathogens, and are involved in the induction of genes encoding various 
pathogenesis-related proteins with antimicrobial properties (Battacharyya et al., 2015).  
The efficacy of seaweed extracts is dependent on the growth stage of the plant and sometimes the 
method of application (Du Jardin, 2015). Seaweed extracts can be applied in one of the two ways: soil 
drenching and foliar application. Seaweed extracts alter physical, biochemical, and biological properties 
of the soil and may also affect the architecture of plant roots facilitating efficient uptake of nutrients 
(Calvo et al., 2014) Seaweed extracts are rich sources of phytohormones such as cytokinins, 
polyamines, indole acetic acid (IAA), gibberellic acid (GA), and abscisic acid (ABA) (EL Boukhari et 
al., 2020). The presence of phytohormones in seaweed extracts was confirmed using high-pressure 
liquid chromatography, gas chromatography-mass spectrometry, and liquid chromatography-mass 
spectrometry (Yakhin et al., 2016). Some phytohormones can improve leaf chlorophyll content and 
regulate the growth and development of higher plants (Di Mola et al., 2019). Seaweed extracts generally 
improve plant growth at low concentrations (diluted as 1:1000 or more) and inhibit growth at high 
concentrations (Hidangmayum and Sharma, 2015). Seaweed extracts can affect plant physiology 
(Castro et al., 2014) and cause changes to the metabolome of treated plants (Sangha et al., 2014). They 
may also affect the quality, phytochemistry, and nutritional content of the treated plants (Rathore et al., 
2009). 
 
2.1.1.2. Humic substances 
Humic substances are end products of chemical and biological transformations of plant and animal 
matter, and from microbial metabolism that represents a major pool of organic carbon at the earth’s 
surface (Calvo et al., 2014). Humic substances include humic acid (soluble in basic media), fulvic acid 
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(soluble in both alkali and acidic media), and humins (not extractable from the soil) (Souguir and 
Hannachi, 2017). These substances are considered to be the most abundant naturally occurring organic 
molecules on earth and contribute to the regulation of many crucial ecological and environmental 
processes as they regulate the global carbon and nitrogen cycles, the growth of plants and 
microorganisms (Canellas et al., 2015). Attempts to use humic substances for promoting plant growth 
and crop yield show positive results globally. This is because these substances positively contribute to 
soil fertility, influencing the physical, physicochemical, chemical, and biological properties of the soil 
(Souguir and Hannachi, 2017). In addition to the regulation of both soil carbon and nitrogen cycling, 
humic substances further regulate the fate and transport of anthropogenic-derived compounds and heavy 
metals, and the stabilization of soil structure (Lipczynska-Kochany, 2018). Biostimulant effect of HM 
has resulted in improved seed germination, root and plant growth development, and are major 
constituents of organic fertilizers (Rouphael and Colla, 2018).  
Humic substances supply nutrients through various mechanisms. These substances chelate minerals and 
release readily available nutrients through their degradation (Canellas et al., 2015). Humic substances 
increase the availability of phosphorus by interfering with calcium phosphate precipitation (Nardi et al., 
2016). They increase the uptake of both macro- and micronutrients by increasing the cation exchange 
capacity of the soil containing polyanionic constituents (Lipczynska-Kochany, 2018). The H+-ATPase 
activity can be induced by humic material (HM) and can energize secondary ion transporters and 
promote nutrient uptake (Sofi et al., 2018). This activity, therefore, converts the free energy released by 
ATP hydrolysis into a trans- membrane electrochemical potential used for the import of nitrate and 
other nutrients (Canellas et al., 2015). 
Humic substances affect both primary and secondary plant metabolisms. HM may promote primary 
plant metabolism stimulation of enzymes linked to N assimilation (Wadas and Dziugieł, 2020).  
Canellas et al. (2015) illustrated that HS enhanced the expression of the phenylalanine (tyrosine) 
ammonialyase (PAL/TAL) that catalyses the first main step in the biosynthesis of phenolics, by 
converting phenylalanine to trans-cinnamic acid and tyrosine to p-coumaric acid. The positive effects 
of HS on plants could be due to hormone-like activity, as several hormones enclosed in the humus 
structure have been identified. HS displays auxin, cytokinin, and gibberellic-like activities (Nardi et al., 
2016). The enhanced lateral root development by HS is attributed to auxin-like activity while its 
promotion of germination is due to its gibberellin-like activity (Lipczynska-Kochany, 2018). 
 
2.1.1.3. Microbial inoculants 
Microbial inoculants are living microorganisms that act as ‘biofertilizers’ or biocontrol agents and 
mainly include free-living bacteria, fungi, and arbuscular mycorrhizal fungi isolated from a variety of 
environments including composted manure, plant residues, soil, plants, and water (Nehra et al., 2016). 
15 
 
The commonly documented group found in the rhizosphere where they interact with plant roots and 
influence plant growth are generally referred to as plant growth promoting rhizobacteria. Several factors 
need to be considered during the development of microbial inoculants such as the species of 
microorganisms (Hashem et al., 2019). This is because different plant varieties and cultivars produce 
different types of root exudates which can either support or reject the activity of the inoculated 
microorganisms during substrate development of biologically active substances (Hassan and Dinesh, 
2018). This type of biostimulant is considered to be multipurpose because of its various effects and 
mechanisms in plants. Microbial inoculants stimulate plant growth through the production of volatile 
organic compounds, sequestering of iron by the production of siderophores, asymbiotic nitrogen 
fixation, and solubilization of nutrients (Mahmood et al., 2016).  
Several plant growth promoting rhizobacteria (PGPR) produce volatile organic compounds (VOCs) 
which promote plant growth (Gowtham et al., 2018). Volatile organic compounds produced by 
biocontrol strains can induce systematic resistance against pathogens and inhibit nematodes, fungal, 
and bacteria pathogens; and can further promote leaf surface area, biomass, lateral root number and 
yield (Asghari et al., 2020, Hashem et al., 2019). Siderophores are molecules that bind and transports 
iron under iron-limiting conditions, and enhance iron (Fe) uptake capacity in microorganisms (Sirohi 
et al., 2015). Plant growth promoting rhizobacteria produce and utilize the siderophores produced by 
other microbes present in the rhizosphere for fulfilling their iron requirement (Gouda et al., 2018, Orhan 
et al., 2006)). Plant growth promoting rhizobacteria can increase the concentration and accessibility of 
nutrients by either locking or fixing their supply for plant growth and productivity (Gouda et al., 2018). 
Plant growth promoting rhizobacteria can fix nitrogen either through symbiotic or non-symbiotic 
interactions between plants and microbes (Bukhat et al., 2020). Inoculation with PGPR can enhance 
phosphorus availability in plants through solubilization and mineralization of phosphorus by phosphate-
solubilizing bacteria. Furthermore, PGPR can increase the availability of potassium by solubilizing 
potassium rock through the production of organic acids that can release inaccessible potassium (Kumari 
et al., 2018). Microbial inoculants can also modify plant hormone status through synthesis, localization, 
and signalling of phytohormones (Hassan and Dinesh, 2018). Plant growth promoting rhizobacteria can 
alter the localization, signalling and concentration of phytohormones including gibberellins, cytokinins, 
abscisic acid, ethylene, brassinosteroids, and auxins, which are responsible for various actions including 
root and shoot invigoration (Tsukanova et al., 2017).  
 
2.1.1.4. Protein hydrolysates 
Protein hydrolysates are biostimulants obtained from enzymatic and/or chemical hydrolysis of proteins 
from agro-industrial by-products from plant sources, animal waste, and biomass of dedicated legumes 
(Colla et al., 2015). These biostimulants are recommended for foliar applications since they have a short 
16 
 
half-life in soil (Abbas, 2013). The production of protein hydrolysates from by-products of agro-
industry provides an environmental and economically friendly solution for disposing of waste (Colla et 
al., 2015). These products do not only contain amino acids and proteins/peptides but also consist of 
other non-protein components, which also contribute to their stimulating effect on plants (Yakhin et al., 
2016). For example, non-protein carob germ extracts in addition to proteins and amino acids, contain 
carbohydrates, macro- and micronutrient elements, and phytohormones (triacontanol and indole-3-
acetic acid) (D’Addabbo et al., 2019).  
This group of biostimulants plays various roles in plant growth and development. Protein hydrolysates 
play a major role in the assimilation and modulation of N uptake (Caruso et al., 2020). This is achieved 
through regulating enzymes that aid in the assimilation of N and their structural genes and by acting on 
the signaling pathway of N acquisition in roots (Colla et al., 2015). These products further regulate 
enzymes of the tricarboxylic acid cycle (TCA), which plays a significant role in the cross-talk between 
carbon and nitrogen metabolism (Du Jardin, 2015). Protein hydrolysate mode of action extends to 
influencing soil chemical and physical properties. In soil, they increase the respiration together with 
microbial biomass and activity (Du Jardin, 2015). These products further improve the solubility and 
mobility of micronutrients, especially Fe, Zn, Mn, and Cu (Abbas, 2013).  
 
2.1.1.5. Effect of biostimulants on seed germination 
Seed germination is the initial step in the life cycle of plants, which begins when the inactive dry seed 
imbibes water and is completed with the protrusion of the radicle from the seed coat (Nonogaki et al., 
2010). Seed germination is a complex process, which involves several signals and is influenced by both 
intrinsic and extrinsic factors (Miransari and Smith, 2014). Intrinsic factors include seed dormancy and 
available food stores while water, temperature, oxygen, light, relative humidity, chemicals in the seed 
surrounding environment, and substrate used constitute extrinsic factors (Makena et al., 2018, 
Bhardwaj, 2014, Savaedi et al., 2019). The germination process plays a key role in the domestication 
of crops as lack of uniform seed germination can result in poor stand establishment, which affects 
overall crop yield. Germination is largely affected by the balance of phytohormones, especially abscisic 
acid (ABA) and gibberellin ratios (Miransari and Smith, 2014). The process of seed germination is 
comprised of three prominent stages (Nonogaki et al., 2010):  
 Phase I, rapid imbibition of water by the dry seed;  
 Phase II, metabolism reactivation, including mobilization of food reserves and protein 
synthesis; and  
 Phase III, radicle protrusion. 
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Water imbibition by the seeds hydrate matrices including reserve polymers and cell walls within the 
cell (Miransari and Smith, 2014). Water uptake by dry seeds during the first phase of germination is 
rapid, while resumption of phase II is more gradual (Miransari and Smith, 2014). Rapid water uptake 
stimulates the embryo to produce phytohormones, especially gibberellins, which disseminate to the 
aleurone layer in order to resume a biochemical cascade leading to the synthesis of hydrolytic enzymes 
including α-amylase (Miransari and Smith, 2014). During metabolic reactivation (phase II), hydrolytic 
enzymes are activated with a concomitant decrease in ABA endogenous content (Wang et al., 2015). 
These enzymes then hydrolyze the endosperm food reserves into metabolizable sugars, which in turn 
provide energy for the growth of radicle and plumule, leading to the protrusion of the radicle (phase III) 
(Farooq et al., 2017). 
Exogenous application of gibberellic acid (GA) have been demonstrated to promote seed germination 
by supplementing the endogenous GA content (Mahmood et al., 2016), resulting in increased 
germination rate, and decreased germination time spread (Ali and Elozeiri, 2017). Nitrogen-containing 
compounds can also stimulate germination, even under salinity stress, by enhancing α-amylase 
activities, and increasing adenosine triphosphate (ATP) production and seed respiration through K+/Na+ 
ratio adjustment (Miransari and Smith, 2014). Poor seed germination rate, inadequate seedling 
emergence, and poor stand establishment are amongst the major challenges facing global crop 
production (Nonogaki et al., 2010). This situation has led to several strategies being employed to 
synchronize radicle emergence and subsequent seedling to mature plant growth. Two of the strategies 
widely used include: priming and exogenous application of phytohormones.   
Biostimulants have been widely used to improve seed germination either as a priming agent or through 
direct application to seeds. Biostimulants are sometimes referred to as plant conditioners, metabolic 
enhancers, or phytostimulators (Yakhin et al., 2016), and they are widely used by growers throughout 
the growth cycle of various plants in order to promote and enhance growth, production of 
phytohormones or growth regulators, the activity of rhizosphere microbes and soil enzymes, and 
biological processes (Albrecht, 2017). Biostimulants such as seaweed extracts can be a source of 
important phytohormones including gibberellins, auxins, and cytokinins (Stirk et al., 2020). These 
phytohormones enhance crop productivity and yield by modulating plant metabolism under both 
favorable and unfavorable conditions (Bulgari et al., 2019) and they play an important role in plant 
growth and development, including during seed germination. 
Biostimulants are a rich source of various phytohormones such as cytokinins, auxins, and gibberellin. 
These phytohormones play a role in plant growth and development in a plant life cycle, especially 
during germination. Humic substances promote seed germination due to their hormone content. These 
substances have been found to exhibit gibberellin, cytokinin, and auxin-like activities (Rouphael and 
Colla, 2018). The presence of phytohormones in humic substances was confirmed by enhanced 
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metabolism, activation of the auxin synthetic reporter DR5: GUS, and transcription of the early auxin-
responsive gene (IAA19) (Nardi et al., 2016). Seaweed extracts improve the physiology of plants 
through the provision of phytohormones, especially gibberellins. Plant growth promoting rhizobacteria 
does not contain phytohormones but rather produces them as secondary metabolites (Grobelak et al., 
2018). One of the hormones produced by this group is gibberellins (Calvo et al., 2014). 
Various studies have been conducted to assess the role of biostimulants on seed germination. Plant 
growth promoting rhizobacteria effect was studied on chili seed germination and was found to 
significantly enhance the final germination percentage and seedling vigour in comparison with the 
control (Gowtham et al., 2018). PGPR improved the germination of Brassica nigra (Román-Ponce et 
al., 2017). Furthermore, PGPR inoculation significantly increased the germination rate and viability 
index of Oryza sativa L. in both normal and arsenic exposure conditions (Xiao et al., 2020). In tomato, 
PGPR (Azospirillum brasilense -all strains) inoculated seeds achieved a significantly higher 
germination percentage in comparison with the control (uninoculated) (Mangmang et al., 2016). In 
lettuce seeds, only A. brasilenseI Sp7 significantly enhanced germination percentage while strain Sp245 
inhibited germination (Mangmang et al., 2016). The authors also discovered that the method of 
inoculation has a significant role in seed germination. This is because of the observed promotion of 
tomato seed germination when soaked than when soil drenched. Furthermore, a significant promotion 
of cucumber seed germination was observed when inoculated by soil drenching compared to soaking 
(Mangmang et al., 2016). In Allium cepa, PGPR (Azotobacter sp., Bacillus subtillis, and Pseudomonas 
sp.) had no significant effect on seed germination but rather inhibited the germination (Stamenov et al., 
2018). In vitro germination of field dodder seeds were significantly inhibited by B. amyloliquefaciens, 
B. megatherium ZP6, and Pseudomonas fluorescens while Bacillus licheniformis, B. pumilus, and B. 
megatherium ZP6 had no significant effect when measured against the control (Sarić-Krsmanović et 
al., 2017). Plant growth promoting rhizobacteria significantly increased germination percentage and 
germination rate index of Cicer arietinum L. salt stress with reference to the control (Hossain et al., 
2016). The germination percentage of wheat was significantly enhanced by Azospirillum lipoferum in 
comparison to the untreated control (Mohammad, 2014). However, Azospirillum lipoferum extended 
the germination rate when compared with Azotobacter chroococcum and control in wheat (Mohammad, 
2014). This study further illustrated that PGPR efficacy differs with cultivar because of the observed 
effect of different PGPR on different wheat cultivars. Azotobacter chroococcum significantly improved 
the germination of milan and shanghai cultivars while it had no significant influence on zhagros and 
tajan against the control (Mohammad, 2014). 
Kelpak®, a common seaweed extract in South Africa significantly increased the germination percentage 
of Ceratotheca triloba seeds under low temperature and osmotic potential conditions, when compared 
to the control (Masondo et al., 2018). Treating Solanum lycopersicum with the brown alga Sargassum 
tenerrimum extract had a significant effect on germination (%) as compared to the control (Sasikala et 
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al., 2016). Up to 100% germination was obtained with S. tenerrimum extract at 0.8% (v/v) concentration 
while 0.6% (v/v) extract concentration increased germination up to 90% (Sasikala et al., 2016). The 
germination of Allium cepa L. was significantly influenced by the extract of another brown seaweed, 
Ascophyllum nodosum, at various concentrations (i.e. 3.5, 4.5, 5.5, 6.5, and 7.5 mL/L) when compared 
with the control (water) (Hidangmayum and Sharma, 2015). Furthermore, seaweed extracts of the green 
Ulva lactuca and brown Padina gymnospora at 0.2, 0.4 or 1.0% (v/v) significantly improved 
germination percentage and mean germination time of Solanum lycopersicum while treatments with 
extracts of Caulerpa sertularioides (G) and Sargassum liebmannii (B) inhibited germination at all tested 
concentrations [0.2, 0.4 and 1% (v/v) (Hernández-Herrera et al., 2013). However, an increase in extract 
concentration of U. lactuca and P. gymnospora significantly reduced germination, as evidenced in 
reduced germination percentages and indices, as well as increased germination time (Hernández-
Herrera et al., 2013).  Even though the effect of biostimulants on seed germination has been widely 
studied, specific focus on the effect of biostimulants on the germination of Abelmoschus esculentus and 
Cleome gynandra are limited. 
 
2.1.1.6. Effect of biostimulants on vegetative growth and yield  
After seeds have germinated, the next development step is seedling emergence and growth. Seedling 
emergence and stand establishment are dependent on environmental conditions as well as soil physical 
properties. However, soil infertility leads to poor soil physical properties and thus poor soil functions 
and characteristics including nutrient holding capacity, available plant nutrients, water filtration, water 
holding capacity, and aggregation (porosity). Biostimulants can modify root morphology directly, 
ameliorate nutrient transport in plants, or change soil structure and nutrient solubility to facilitate 
increased nutrient uptake (Halpern et al., 2015). Biostimulants can enhance abiotic stress tolerance, 
nutrition efficiency, and crop quality traits.  
Protein hydrolysates promote the uptake of nutrients by increasing the absorptive surface area via 
stimulating root and leaf biomass (Colla et al., 2015).  
Seaweed extracts affect both plants and soil. In soil, they promote gel formation (which enhances uptake 
of trace elements), water retention, and soil aeration due to their high polysaccharide content 
(Battacharyya et al., 2015, Beckett and van Staden, 1990). Polyanionic compounds of seaweed extracts 
fix and exchange cations which play a major role in soil remediation (Khan et al., 2009). Furthermore, 
seaweed extract’s hormone content promotes different plant development and growth processes (Stirk 
and Van Staden, 2014). Seaweed extracts enhance seedling establishment, improve growth, yield, 
flower set, fruit production, postharvest shelf life, and increase resistance to biotic and abiotic stress 
(Yakhin et al., 2016).  
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Microbial inoculants are a group of microorganism which include beneficial fungi and beneficial 
bacteria. Beneficial fungi promote nutrition efficiency, water balance, and tolerance to abiotic stress 
(Pagnani et al., 2018). Beneficial bacteria (PGPR) are multipurpose and affect all aspects of the plant's 
life cycle including interaction with other organisms in the agroecosystem, nutrition, growth, 
morphogenesis and development, and response to biotic and abiotic stress (Grobelak et al., 2018). 
Microbial inoculants alter root architecture via the degradation or production of major groups of plant 
hormones (Ahemad and Kibret, 2014). Plant growth promoting rhzobacteria inoculants are viewed as 
plant probiotics or major contributors to plant immunity and nutrition (Naeem et al., 2018). Microbial 
inoculants increase root biomass and nutrient uptake capacity (Asghari et al., 2020).. 
Plant growth promoting rhizobacteria significantly increased vegetative growth parameters of chili 
seeds including plant height, the number of leaves, shoot fresh weight as well as dry weight (Gowtham 
et al., 2018). Roman Ponce et al. (2017) observed an increase in root architecture (secondary roots and 
hair generation) of Brassica nigra under heavy metal (As, Cu, Pb, and Zn) conditions following the 
application of PGPR. The application of PGPR significantly increased plant height, chlorophyll content, 
plant biomass, and leaf surface area of mung beans when compared to the control (Kumari et al., 2018). 
PGPR inoculation significantly increased shoot fresh weight, leaf area, and the number of leaves of 
Mentha piperita (Chiappero et al., 2019). PGPR also increased the yield of Oryza sativa L. under arsenic 
exposure (Xiao et al., 2020). On the other hand, PGPR (P. aeruginosai, P. putida, B. subtillis, P. 
polymyxa, and B. boronophillus) significantly decreased shoot and root length, and shoot and root dry 
length of Cicer arietinum L. (Yadav et al., 2010). Application of A. lipoferum, P. fluorescens, and P. 
putida had no significant effect on plant height, number of leaves and stem diameter of Zea mays while 
A. lipoferum significantly increased leaf area in comparison with the control (Agbodjato et al., 2016).  
Seaweed extract (Kelpak® product) treatments significantly enhanced the yield of two common bean 
cultivars (Aura and Toska) (Kocira et al., 2018). Kelpak® treatments significantly stimulated plant 
height, stem diameter, and leaf weight of energy willow plants (Digruber et al., 2018). Application of 
Kelpak® using the soil drenching method significantly increased the shoot fresh weight of Amaranthus 
hybridus L. while the foliar application had no observable effects (Ngoroyemoto et al., 2019). However, 
a combination of foliar and soil drenching methods significantly improved the number of leaves, 
number of roots, root length, stem diameter, leaf area, and shoot fresh weight of Amaranthus hybridus 
(Ngoroyemoto et al., 2019). Under no nutrient deficiency, Kelpak® did not improve the growth 
parameters of okra seedlings (Papenfus et al., 2013). However, under phosphorus deficiency, Kelpak® 
significantly increased shoot length, number of leaves, stem diameter, and shoot fresh weight (Papenfus 
et al., 2013). The authors further observed that Kelpak® application under potassium deficiency 
enhanced shoot length, number of roots, stem diameter, and fresh biomass of okra seedlings. When 
applied to Spinacia oleracea L., Kelpak® had no visible effect on growth parameters but significantly 
improved photosynthetic pigments, proteins, and proline content (Kulkarni et al., 2019). Seaweed 
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extract (Sargassum tenerrimum) significantly increased shoot length, number of leaves, leaf area, and 
plant height of Solanum lycopersicum in a pot study after 40 days of planting (Sasikala et al., 2016). 
Root length was reduced at a concentration of 0.2% (v/v) but was significantly stimulated at 0.4, 0.6, 
0.8, and 1% (v/v) when measured against the control (Sasikala et al., 2016). At low concentrations [(2.5 
and 7.5% (v/v)], Kappaphycus alvarezii had no significant effect on plant height, number of pods and 
harvest index of Glycine max while at high concentrations [7.5, 10, 12.5 and 15% (v/v)], plant height, 
number of pods and harvest index were significantly enhanced in comparison with the control (Rathore 
et al., 2009). Foliar application of U. lactuca at 0.2% (v/v), C. sertularioides and P. gymnospora [1% 
(v/v)] had no significant effect on shoot length of Solanum lycopersicum L. while U. lactuca [0.4 and 
1% (v/v)] and P. gymnospora [0.2 and 0.4% (v/v)] enhanced shoot length (Hernández-Herrera et al., 
2013). Furthermore, both foliar and soil drench application of S. liebmannii significantly reduced 
growth parameters (plant height, shoot and root length) of Solanum lycopersicum L. when measured 
against the control (Hernández-Herrera et al., 2013). Studies on biostimulant effect on Abelmoschus 
esculentus growth and yield are limited, while there are none on Cleome gynandra. 
 
2.1.1.7. Effect of biostimulants on phytochemicals 
Plants with medicinal potential can cure different diseases, infections, and conditions (Ahmad and 
Aslam, 2016). These plants often possess specific compounds (known as phytochemicals) occurring in 
various plant parts that can neutralize or treat diseases and infections. These phytochemicals have a 
physiological effect on humans (Kia et al., 2018) and tend to function differently within the human 
body.  
Few biostimulants have been reported to influence the phytochemical content of plants. Protein 
hydrolysates improve the production of secondary metabolites including phenols and antioxidants and 
can further increase flavonoid biosynthesis (Nardi et al., 2016). Seaweed extract application enhances 
nutritional quality through plant provision of both macro- and micronutrients (Du Jardin, 2015). The 
nutritional content (nitrogen, phosphorus, and potassium) of Glycine max grains was significantly 
enhanced in the presence of seaweed extract (Kappaphycus alvarezii) at varying dilutions [10, 12.5, 
and 15% (v/v)] when compared to the control (Rathore et al., 2009). The mineral elements concentration 
(nitrogen and potassium) of Glycine max straw remained unaffected by seaweed extract application 
while phosphorus content was significantly enhanced at 5, 7.5, and 10% (v/v) when measured against 
the control (Rathore et al., 2009). Brown seaweed extracts (Sargassum vulgare, Colpomenia sinuosa, 
and Padina pavonica) significantly improved the protein content of Trigonella foenum-graecum L. (El-
Sheekh et al., 2016) 
Plant growth promoting rhizobacteria treatments significantly reduced the proline content of Mentha 
piperita while increasing total phenolic content when compared to the control (Chiappero et al., 2019). 
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A significant increase was observed in the phenolic content of Phaseolus vulgaris cultivar Toska treated 
with Kelpak® while cultivar Aura had no increase in phenolic content (Kocira et al., 2018). However, 
flavonoid content was significantly enhanced in both cultivars. Furthermore, Kelpak® had no significant 
effect on the main nutrients (starch, free sugars, albumins and globulins) of Phaseolus vulgaris (Kocira 
et al., 2020). The polyphenol content of potato tubers was significantly increased by Kelpak® 
application (Ramírez et al., 2014). Research on the effect of biostimulants on the phytochemistry of 
plants has been conducted, however, limited research has been conducted on Abelmoschus esculentus 
and Cleome gynandra. 
 
2.3. Multipurpose plants 
2.3.1. Distribution and general morphology of Abelmoschus and Cleome species 
Abelmoschus species have diverse origins and some studies have suggested that they originated from 
Asia while some indicated Ethiopian and Egyptian origin (Ogwu et al., 2016). The distribution of 
Abelmoschus species has spread to the Middle East and North Africa (Patil et al., 2015a). Cultivated 
species of Abelmoschus are distributed throughout tropical and subtropical regions of the world, 
excluding A. caillei whose cultivation is restricted to West Africa (Werner et al., 2015). Abelmoschus 
species are mostly grown in Mali, Ghana, Pakistan, Mexico, Egypt, Malaysia, Nigeria, and India (Ali 
et al., 2017). 
Species of this genus are generally annual, biennial, or perennial herbs with either entire or palmately 
lobed leaves (Ya et al., 1984). Flowers of Abelmoschus genus are funnel-shaped, with five petals, often 
with a red or purple corolla that when matured bears smooth, glabrous and globose or reniform seeds 
(Ya et al., 1984). 
Cleome species are reported to have originated from Africa but are widespread through tropical and 
subtropical regions (Ahouansinkpo et al., 2016). This genus consist of herbaceous plants, bearing seeds 
that are enclosed in a capsule with two membranous valves separating from replum with woolly, 
asperulous, or reniform seeds (Kamel et al., 2010). Fruits of Cleome species are generally linear-oblong 
with many seeds while leaves are simple and composed of 3-7 leaflets with flowers that are either 
purple, white, or yellow (Kamel et al., 2010). These species are one of the most important and common 
leafy vegetables in Africa because of its natural and voluntary occurrences ranging from wastelands to 







qualifying it to be an alternative to soybean (Adekiya et al., 2017). Some Abelmoschus species including 
A. esculentus are widely known as ‘perfect villager’s vegetable’ because of their role in human diets 
(Gemede, 2015). Abelmoschus esculentus is a well-known nutraceutical that is rich in proteins and 
tryptophan amino acids, vitamins (A, C, E, and K), thiamine (B1), riboflavin (B2), calcium, iron, 
magnesium, potassium, and zinc (Kumar et al., 2013). A. esculentus is also a rich source of oil which 
consists of up to 47.2% linoleic acid (Fekadu Gemede, 2015). 
2.4.2. Cleome gynandra 
Cleome gynandra is a leafy vegetables with medicinal properties (DAFF, 2014). As vegetables, C. 
gynandra is a nutritious supplement of proteins, carbohydrates, vitamins, minerals, phenols, and 
essential oils (Kujeke et al., 2017). In some communities, it is used as a nutritious meal for lactating 
and pregnant women because of its claimed ability to limit dizzy spells and ease childbirth (Singh et 
al., 2018). 
Even though C. gynandra is a late-season crop, it plays a major role in food security as a nutraceutical 
crop, especially in rural communities. This is due to its high content of phytonutrients, it is a rich source 
of mineral elements including iron, magnesium, calcium, and zinc (Omondi et al., 2017). Cleome 
gynandra contains high levels of vitamins (provitamin A and vitamin C), lipids, and crude protein 
(Lokesha, 2018, Poorva and Sunita, 2017, Sogbohossou et al., 2018). Amino acid profile of C. gynandra 
is high when in comparison with that of groundnut (Lokesha, 2018). 
Cleome gynandra and Abelmoschus esculentus can play a vital role as a nutritional additive in diets 
especially in food insecure communities in Africa since they can be easily cultivated. Concerns of 
contaminants from chemical fertilizers and pesticides in conventionally produced agricultural products 
has resulted in consumer paradigm shift towards organic agricultural production. Therefore, further 
studies are of importance to evaluate the effect of biostimulants on the nutritional value of A. esculentus 
and C. gynandra. 
 
2.5. Medicinal properties of Abelmoschus and Cleome species 
The use of plants as medicine dates to ancient times with cultivation traced back to approximately 6 
0000 years ago (Jamshidi-Kia et al., 2018). Medicinal plants are most popular in the developing 
countries since approximately 3.4 billion individuals in these countries depend on such plants for 
medicine (Doughari, 2010). Furthermore, industrialized countries show interest in the use of traditional 
medicinal plants to process them into ‘alternative or complementary medicine’ and medicinal drugs. As 
of 2018, about 50% of drugs available in the market consist of components of medicinal plants 




2.5.1. Abelmoschus esculentus 
Cultivated species of the Abelmoschus genus possess components that are valued in the treatment and 
curing of various diseases. Abelmoschus esculentus is used in Ayurveda's traditional system and is 
prepared as an edible infusion for its diuretic effect (Roy et al., 2014). It relieves hemorrhoids and is 
used in the treatment of ulcers (Messing et al., 2014). Abelmoschus esculentus is further renowned for 
its demulscent, anodyne, emollient properties while being an effective in dysentery and diaphoretic 
treatments (Onakpa, 2013, Kumar et al., 2013). It has been widely used as an antidiabetic, anticancer 
and antimicrobial agents (Onakpa, 2013). In Indian ethnomedicine A. esculentus is used as antipyretic 
and plasma replacement (Roy et al., 2014). 
  
2.5.2. Cleome gynandra 
Besides being a nutraceutical, C. gynandra is used as medicine in most developing countries. Cleome 
gynandra is useful in strengthening the immune system, curing inflammations, wounds, epileptic fits, 
malaria, and digestive disorders (Adhikari and Paul, 2018, Sogbohossou et al., 2018). In India, C. 
gynandra is used to treat various conditions including earaches, boils, headaches, bronchitis and nasal 
congestion (Lokesha, 2018). Cleome gynandra is further used in the treatment of migraines, diarrhoea, 
uterine complaints, and stomach ache (Adhikari and Paul, 2018). The leaves of C. gynandra have been 
widely used to reduce the severity of stomach-ache and constipation, thread-worm infections and 
arthritis (Mishra et al., 2011). Cleome gynandra plant is further used to relieve recurrent malaria, 
anaemia, pneumonia and coughing (Chweya and Mnzava, 1997). 
 
2.6. Phytochemistry of Abelmoschus esculentus and Cleome gynandra 
Phytochemicals are naturally occurring biologically active chemical compounds of medicinal plants 
and are often used in the development of synthetic drugs (Jamshidi-Kia et al., 2018). About 75% of 
drugs in the United States market are derivatives of medicinal plants (Inda et al., 2008). 
The phytochemicals from A. esculentus and C. gynandra are summarised in Table 2.2. Abelmoschus 
species are a rich source of phytochemicals. Abelmoschus esculentus is rich in flavonoids, pectin, oxalic 
acid, tannins, phenolic compounds, and carotenoids (Roy et al., 2014, Ahmad and Aslam, 2016). 
Species of this genus are a source of volatile compounds 𝛼-humulene and 𝛽-elemene (Molfetta et al., 
2013). 
Cleome gynandra is a rich source of tannins, steroids, flavonoids, and leucoanthocyanidin 
(Ahouansinkpo et al., 2016). Leaves of C. gynandra are predominantly high in lectins, glycosides, 
flavonoids, steroids, and phenolic compounds (Lokesha, 2018, Sogbohossou et al., 2018, Singh et al., 
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2018). Its leaves consist of free radical scavengers (glutathione and superoxide dismutase) while seeds 
are a rich source of glucosinolates, cleomin, and glycocapparin as well as acrid volatile oil which is 
similar to that of custard oil (Lokesha, 2018). 
Table 2.2: Phytochemical content of Abelmoschus esculentus and Cleome gynandra  























Flavonoid glycoside 5,7,3′,4′-tetrahydroxy-4′′-O-methyl 
flavonol-3-O-β-D-glucopyranoside 
(Onakpa, 2013) 
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Cleome gynandra Carotenoids 
β-carotene, lutein, zeaxanthin, 
neoxanthin, and violaxanthin 
(Neugart et al., 2017)  
 
The impact of different fertilizers on the production of secondary metabolites in plants is widely studied. 
The use of potassium fertilizer in banana increased ascorbic acid while decreasing overall fruit acidity 
(Institute and Association, 2012). The combination of NPK fertilizer and compost had an increasing 
effect on the biochemical content of Moringa oleifera leaves (carbohydrates, phenolics, and flavonoids) 
(Sarwar et al., 2019). While the use of fertilizers may improve phytochemistry, their use is not 
environmentally friendly. Therefore, biostimulants can be used as agents to improve plants biochemical 
content. Biostimulants have the potential to improve phytochemistry, however, there are inadequate 
studies that support this theory. For example, in T. foenum-graecum L., seaweed extracts significantly 
increased total chlorophyll, carotenoids, carbohydrates and protein, amino acids, total polyphenols, total 
nitrogen, and total ash content (Pise and Sabale, 2010). Bioactive compounds and hormones exuded by 
seaweed extracts promotes the host plant’s production of bioactive compounds through internal 
metabolic pathways (Ashour et al., 2020). More studies of this regard need to be undertaken. 
 
2.7. Conclusion 
Various studies have been conducted that evaluate the impact of biostimulants on seed germination, 
plant growth, yield, nutrition, and phytochemistry of multipurpose plants. Hence, the current review 
revealed the potential of biostimulants in agricultural production and food security. Even though 
biostimulants promote plant growth and nutrition, their efficacy differs with plant species and 
environmental conditions. 
Abelmoschus esculentus and Cleome gynandra are among underutilised species of important value in 
food security, especially in developing communities. With the increasing global malnutrition, 
optimizing yield, biochemical content and mineral elements of A. esculentus and C. gynandra remains 
of utmost importance, especially in food insecure regions. This, therefore, demands more studies that 





Chapter 3: Effects of biostimulants on the germination of 
Abelmoschus esculentus and Cleome gynandra genotypes 
3.1. Introduction  
 
The increasing world population has caused food demand to exceed the current food supply, especially 
in developing countries. This increase has therefore led to the promotion of the cultivation of 
multipurpose plants. However, the cultivation of these plants is largely dependent on seed germination, 
which in turn is influenced by several factors (Makena et al., 2018). Seed germination is the initial step 
in a plant life and refers to the protrusion of the radicle from the seed coat (Kader, 2005). Germination 
is an internal process that is facilitated by signalling pathways required to activate α-amylase and 
commence the breakdown of the starchy endosperm to provide energy for the growing embryo (Wang 
et al., 2015)..  
Seeds of various plant species have different chemical responses that are entirely based on the genetic 
makeup of that species (Wakjira and Negash, 2013, Nonogaki et al., 2010).  The ability of a seed to 
germinate is environment-dependent, amongst other factors, especially temperature and photoperiod 
(Nwoke, 1982). Currently, plant cultivation is faced with poor seed germination rate, inadequate 
seedling emergence, and poor stand establishment, which negatively affects the yield (Nonogaki et al., 
2010). As a result, it is pertinent to explore strategies to improve and synchronize seed germination. 
Researchers have investigated the effect of seed soaking and priming with various compounds that can 
promote germination (Tian et al., 2015). The stimulatory effect of biostimulants such as seaweed 
extracts and plant growth promoting rhizobacteria (PGPR) on seed germination has been widely 
recognized (Du Jardin, 2015). Seaweed extracts are predominantly high in phytohormones which tend 
to play a major role in seed germination (Battacharyya et al., 2015). On the other hand, PGPR can 
synthesize phytohormones through their secondary metabolism (Mahmood et al., 2016).  
The current study aimed to determine the effect of Kelpak® (seaweed-based biostimulants) and PGPR 
on the various germination parameters of Abelmoschus esculentus and Cleome gynandra genotypes 
under laboratory conditions. 
 
3.2. Materials and methods  
3.2.1. Source of biostimulants and seeds 
Kelpak® was obtained from Kelp Products (Pty) Ltd, Simon’s Town, South Africa. Plant growth 
promoting rhizobacteria commercial solution (a mixture of organic acids, Bacillus sp., amino/fulvic 
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acid, and soil bacteria) was purchased from Agriman (Pty) Ltd, South Africa. Seeds of A. esculentus 
and C. gynandra were obtained from the Agricultural Research Council-Vegetables, Industrial and 
Medicinal Plants, Pretoria, South Africa. 
 
3.2.2. Soaking duration 
Both A. esculentus (genotype OkraPB1) and C. gynandra (genotype Cleome Maseno) seeds were 
surface sterilized with a 1% sodium hypochlorite for 5 min and rinsed thoroughly with distilled water. 
For the imbibition test, A. esculentus seeds were soaked in distilled water for 0, 6, 12, and 24 h while 
C. gynandra seeds were soaked for 0, 6, 12, 24, and 48 h. From each soaking duration, 25 seeds of each 
species were placed in 90 mm Petri dishes lined with two layers of filter paper (Whatman No.1) 
moistened with 10 ml distilled water. This was replicated three times. Petri dishes were then transferred 
into growth chambers set at 25 ℃ and 12/12 h light and dark regime for A. esculentus, and alternating 
temperature and photoperiod of 30/20 ℃ and 16/8 light and dark regime, respectively for C. gynandra. 




3.2.3. Seed germination using biostimulants 
This study involves two factors (genotypes and biostimulant treatments). Based on the imbibition results 
(Table 3.1 and 3.2) , seeds were soaked in biostimulants (A. esculentus for 24 h and C. gynandra for 
48 h) at varying concentrations [Kelpak® solution (1:100, 1:40 and 1:20 v/v) and plant growth 
promoting rhizobacteria (PGPR) (1:5, 1:10 and 1:15 v/v)] while distilled water was used as the control. 
For each treatment, 25 seeds were placed in 90 mm Petri dishes lined with two layers of Whatman No. 
1 filter paper.  
Five genotypes for each plant were used for the study (A. esculentus- Okra PB1, PB2, PB3, PB4 and 
PB5; C. gynandra- TOT10212, TOT8420, Cleome 3, Cleome Maseno and Cleome Arusha). 
Abelmoschus esculentus seeds were incubated at 25℃ in a 12/12 h light and dark regime while C. 
gynandra seeds were incubated at alternating temperatures and photoperiod, 30/20 ℃ in a 16/8 light 
and dark regime, respectively. Abelmoschus esculentus seeds were incubated for 14 days and C. 
gynandra seeds were incubated for 21 days. The petri-dishes were laid out in a completely randomised 
design and replicated three times. Seed germination was monitored and recorded daily, while moisture 
was maintained with distilled water. Germination was considered to be complete when the radicle had 
protruded at least 2 mm. Germination parameters [final germination percentage (FGP), mean 
germination time (MGT), germination index (GI), coefficient of the velocity of germination (CVG), 
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germination rate index (GRI), and time spread of germination (TSG)] were calculated according to 
Kader (2005) with modifications. 
FGP = (Final no. of seeds germinated in a seed lot/ total number of seeds in a lot) × 100  
MGT =∑ 𝑓. 𝑥/∑ 𝑓 
CVG =N1 + N2 + · · · + N𝑥/100 × N1T1 + · · · + N𝑥T𝑥 
GRI =G1/1 + G2/2 +· · ·+ G𝑥/𝑥 
GI = (10×n1) + (9×n2) + · · · + (1×n10) 
TSG =the time in days between the first and last germination events occurring in a seed lot 
Where 𝑓 =Seeds germinated on day 𝑥, N=no. of seeds germinated each day, T=no. of days from seeding 
corresponding to N, G1 =germination percentage × 100 at the first day after sowing, G2=Germination 
percentage × 100 at the second day after sowing, n1, n2 . . . n10 = No. of germinated seeds on the first, 
second and subsequent days until the 10th day, 10, 9 . . . and 1 are weights given to the number of 
germinated seeds on the first, second, and subsequent days, respectively 
 
3.2.4. Data analysis 
Data were analyzed using analysis of variance (ANOVA) following a completely randomized design 
using Genstat 64-bit Release 18.2 (PC/Windows 8). For statistical significance (p≤0.05), mean 




3.3.1. Effect of soaking period on Abelmoschus esculentus and Cleome gynandra seeds 
germination parameters. 
In A. esculentus (Table 3.1) FGP, GI and GRI increased with increasing soaking period. Soaking period 
of 24 h had significantly higher FGP, FI, CVG, GRI and least MGT whem compared to control, and 
hence qualifying it to be the optimum soaking period for A. esculentus seeds. 
Saoking period affected germination parameters of C. gynandra (Table 3.2) at varying levels. Soaking 
C. gynandra seeds for 12 h achieved significantly reduced FGP, GI, CVG and GRI when compared to 
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48 h.  C. gynanrda seeds soaked for 48 h had significantly enhanced FGP, GI, CVG, GRI and had least 





Table 3.1: Imbibition period of Abelmoschus esculentus seeds incubated at 25℃. FGP= final 
germination percentage, MGT= mean germination time, GI= germination index, CVG= 
coefficient of velocity of germination, GRI = germination rate index, TSG =time spread of 
germination. In each column, values followed by different letters indicate statistically 
significant (p≤0.05) differences, n.s= not significant  
Soaking  
period (h) FGP (%) MGT (day) GI CVG GRI (%/day) TSG (day) 
0 37.33b 3.730 a 58.7c 3.447b 12.25c 4.000 
6 62.67a 3.610 a 99.7b 9.050a 19.25bc 4.667 
12  60.00a 2.657 b 110.0b 6.037ab 26.20b 3.000 
24  72.00a 2.523 b 134.7a 8.197a 38.09a 5.000 
LSD  (p≤0.05) 14.91 0.6243  24.60 3.655  10.68 n.s 
 
 
 Table 3.2: Imbibition period of Cleome gynandra seeds incubated at alternating temperatures of 
30/20℃. FGP= final germination percentage, MGT= mean germination time, GI= 
germination index, CVG= coefficient of velocity of germination, GRI = germination rate 
index, TSG =time spread of germination. In each column, values followed by different letters 
indicate statistically significant (p≤0.05) differences, n.s= not significant. 
Soaking period 
(h) FGP (%) MGT (day) GI CVG GRI (%/day) TSG (day) 
0 50.67b 1.977bc 165.0b 3.243bc 31.45b  2.33 
6 20.00c 3.663a 56.3c 1.047c 6.19c 3.67 
12 21.33c 3.783a 59.3c 1.330c 6.30c 3.33 
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24 56.00b 2.200b 179.0b 4.420ab 32.9b 3.00 
48 76.00a 1.643c 253.3a 6.180a 57.19a 3.33 





3.3.3. Effect of biostimulant treatments on Abelmoschus esculentus and Cleome gynandra 
genotypes germination parameters. 
Biostimulant treatments affected the germination parameters of A. esculentus at varying levels (Figure 
3.3). Kelpak® (all dilutions) and PGPR (1:15) treatments had no significant effect on FGP while PGPR 
(1:5 and 1:10) had a negative effect compared to the control. Likewise, Kelpak® (all dilutions) and 
PGPR (1:15) had no significant effect on GRI and GI while PGPR (1:5 and 1:10) reduced these 
parameters. The MGT was not significantly affected by Kelpak® (all dilutions) and PGPR (1:10 and 
1:15) treatments. However, PGPR (1:5) had the highest MGT, and hence, delayed germination. PGPR 
(all dilutions) and Kelpak® (1:40) had a negative effect on CVG while Kelpak® (1:100 and 1:20) had no 
significant difference compared to control. Kelpak® (1:100) treatment had the lowest TSG. 
Even though varying concentrations of biostimulant treatments affected germination parameters of C. 
gynandra, no positive effect by the treatments was observed except in a case of CVG (Figure 3.4). 
Kelpak® (all dilutions) and PGPR (1:10 and 1:15) had no significant effect on FGP when compared to 
the control. However, PGPR (1:5) significantly reduced the FGP of C. gynandra seeds. PGPR (1:5 and 
1:15) extended MGT and significantly reduced GI and GRI. Relative to the control, the application of 
Kelpak® (all dilutions) and PGPR (1:10) had no positive effect on MGT, GI, and GRI while PGPR (1:5 







































































































































































































































Figure 3.1: Effect of biostimulant treatments on germination parameters of Abelmoschus esculentus 
genotypes (A) final germination percentage, (B) mean germination time, (C) germination 
index, (D) co-efficient of the velocity of germination, (E) germination rate index and (F) time 












































































































































































































































Figure 3.2: Effect of biostimulant treatments on germination parameters of Cleome gynandra 
genotypes (A) final germination percentage, (B) mean germination time, (C) germination 
index, (D) coefficient of the velocity of germination, (E) germination rate index and (F) time 




3.3.4. Interaction effect of genotype and treatment of Abelmoschus esculentus and Cleome 
gynandra germination parameters. 
There was no significant interaction effect for MGT, CVG and TSG as per the ANOVA Table 1 
(Appendix) in A. esculentus genotypes while there was also no interaction effect (Appendix: Table 2) 
on CVG and TSG in C. gynandra genotypes. However, there were significant interaction effect of 
biostimulant application and A. esculentus genotypes on FGP, GI and GRI (Table 3.3) while there were 
significant interaction effect on FGP, MGT, GI and GRI for C. gynandra (Table 3.4). The interaction 
effect OkraPB1 with Kelpak® (1:100) significantly increased FGP, GI, and GRI when compared to the 
control. However, there was a decrease in FGP with decreasing Kelpak® dilution treatment in Okra 
PB1. Although not significantly higher than control, the FGP, GI and GRI increased with increasing 
PGPR dilution in all A. esculentus genotypes.  
In C. gynandra, no significant stimulatory effect was observed in TOT10212, TOT8420, and Cleome 3 
in response to biostimulant application. However, biostimulant treatments including Kelpak® (all 
dilutions) and PGPR (1:10 and 1:15) applied to Cleome Maseno genotype seeds significantly enhanced 





Table 3.3: Interaction effect of Abelmoschus esculentus genotypes and biostimulant (KLP =Kelpak®, 
PGPR =plant growth promoting rhizobacteria) treatments. FGP= final germination 
percentage, MGT= mean germination time, GI= germination index, CVG= coefficient of 
velocity of germination, GRI = germination rate index, TSG =time spread of germination. In 
each column, values followed by different letters indicate statistically significant (p≤0.05) 
differences. 
Genotype Treatment FGP (%) GI CVG 
Okra PB1 Control 69.33g-j 235.00g-k 4.46b-f 
 KLP 1:100 82.67a-f 286.30a-f 4.94a-f 
 KLP 1:40 78.67c-h 266.30d-h 5.75a-e 
 KLP 1:20 74.67e-i 250.30f-j 5.52a-e 
 PGPR 1:5 64.00ij 214.70ijk 4.25b-f 
 PGPR 1:10 72.00f-j 248.30f-j 3.96c-f 
 PGPR 1:15 72.00f-j 249.30f-j 3.73ef 
Okra PB2 Control 94.67a 326.70a 6.72a 
 KLP 1:100 88.00a-d 304.70a-d 5.53a-e 
 KLP 1:40 82.67a-f 288.00a-f 4.55b-f 
 KLP 1:20 90.67abc 315.70abc 5.52a-e 
 PGPR 1:5 17.33k 54.70l 0.453h 
 PGPR 1:10 78.67c-h 270.70d-h 4.83a-f 
 PGPR 1:15 92.00ab 320.30ab 5.68a-e 
Okra PB3 Control 77.33d-h 259.30e-i 5.99abc 
 KLP 1:100 74.67e-i 258.30e-i 4.07c-f 
 KLP 1:40 81.33b-g 279.30b-g 5.21a-e 
 KLP 1:20 78.67c-h 268.30d-h 5.51a-e 
 PGPR 1:5 25.33k 78.70l 1.06gh 
 PGPR 1:10 61.33j 199.70k 4.67a-f 
 PGPR 1:15 78.67c-h 270.00d-h 4.99a-e 
Okra PB4 Control 94.67a 330.00a 5.93a-d 
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 KLP 1:100 85.33a-e 298.30a-e 4.62a-f 
 KLP 1:40 88.00a-d 307.30a-d 4.99a-e 
 KLP 1:20 86.67a-e 303.00a-e 4.78a-f 
 PGPR 1:5 16.00k 51.00l 0.41h 
 PGPR 1:10 80.00b-g 277.00b-g 4.63a-f 
 PGPR 1:15 82.67a-f 286.70a-f 4.81a-f 
Okra PB5 Control 82.67a-f 279.70c-g 6.27ab 
 KLP 1:100 89.33a-d 307.30a-d 6.21ab 
 KLP 1:40 66.67hij 226.70h-k 3.85def 
 KLP 1:20 80.00b-g 275.00c-g 5.00a-e 
 PGPR 1:5 21.33k 66.70l 0.91gh 
 PGPR 1:10 61.33j 212.70jk 2.847fg 
 PGPR 1:15 80.00b-g 275.00c-g 5.02a-e 
LSD  (p≤0.05) 13.23 44.83 2.11 
 
Table 3.4: Interaction effect of Cleome gynandra genotypes and biostimulant (KLP =Kelpak®, PGPR 
=plant growth promoting rhizobacteria) treatments. FGP= final germination percentage, 
MGT= mean germination time, GI= germination index, CVG= coefficient of velocity of 
germination, GRI = germination rate index, TSG =time spread of germination. In each 
column, values followed by different letters indicate statistically significant (p≤0.05) 
differences.  
Genotype Treatment FGP (%) MGT (day) GI GRI (%/day) 
TOT10212 Control 62.67a 1.53hij 320,70a 52.03a 
 KLP 1:100 56.00ab 2.53f-j 272,30ab 41.60abc 
 KLP 1:40 56.00ab 2.67f-j 269,30ab 43.47ab 
 KLP 1:20 38.67cde 1.47hij 197,30b-f 31.80cd 
 PGPR 1:5 17.33g-l 3.87d-i 77,00i-m 11.87f-k 
 PGPR 1:10 40.00b-e  3.30e-j 189,30c-g 21.70def 
 PGPR 1:15 28.00d-i 2.53f-j 136,00f-k 18.23e-h 
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TOT8420 Control 34.67c-f 4.77b-h 149,00d-j 11.83f-k 
 KLP 1:100 34.67c-f 8.00b 124,70f-k 5.33jkl 
 KLP 1:40 34.67c-f 6.73b-e 131,00f-k 6.30i-l 
 KLP 1:20 26.67e-i 7.00b-e 104,00h-l 8.77h-l 
 PGPR 1:5 20.00f-k 7.50bcd 72,30j-m 3.13kl 
 PGPR 1:10 44.00bcd    5.30b-g 183,70c-g 11.77f-k 
 PGPR 1:15 40.00b-e 6.27b-f 156,70d-h 10.20g-l 
Cleome 3 Control 1.33lm 1.33hij 6,00m 0.33l 
 KLP 1:100 1.33lm 0.67ij 6,70m 0.67kl 
 KLP 1:40 4.00klm 5.50b-g 12,00m 0.63kl 
 KLP 1:20 0.00m 0.00j 0,00m 0.00l 
 PGPR 1:5 0.00m 0.00j 0,00m 0.00l 
 PGPR 1:10 0.00m 0.00j 0,00m 0.00l 
 PGPR 1:15 1.33lm 4.00c-i 3,30m 0.10l 
Cleome Maseno Control 8.00j-m 4.00c-i 36,00lm 3.07kl 
 KLP 1:100 44.00bcd 2.23g-j 215,00b-e 26.17de 
 KLP 1:40 46.67abc 2.43g-j 239,30bc 40.57bc 
 KLP 1:20 44.00bcd 2.17g-j 217,70bcd 30.33cd 
 PGPR 1:5 16.00g-m 3.97d-i 73,00j-m 8.33h-l 
 PGPR 1:10 30.67c-h 2.77f-j 148,70d-j 20.63d-g 
 PGPR 1:15 25.33e-i 3.83d-i 119,30g-k 16.00e-j 
Cleome Arusha Control 32.00c-g 4.00c-i 152.00d-i 20.67d-g 
 KLP 1:100 14.67h-m 3.77d-i 68.70klm 7.97h-l 
 KLP 1:40 29.33d-h 4.00c-i 138.00e-k 16.30e-j 
 KLP 1:20 24.00e-j 3.80d-i 104.00h-l 8.07h-l 
 PGPR 1:5 12.00i-m 11.90a 30.30lm 1.00kl 
 PGPR 1:10 29.33d-h 2.87f-j 132.30f-k 17.03e-i 
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 PGPR 1:15 18.67f-k 7.73bc 64.00klm 3.50kl 




3.4.1. Effect of genotype on germination parameters of Abelmoschus esculentus and Cleome 
gynandra 
The plant gene play a major role in the germination process (phase II) where it is responsible for DNA 
repair and synthesis (Nonogaki et al., 2010).. This has been proven by various studies (Panobianco and 
Viera, 1996, Babiker et al., 2017, Khayamim et al., 2014). Even though there are not many studies 
focusing on the effect of genotype on germination parameters (MGT, GI, CVG and TSG) a few exist 
focusing on standard germination and germination rate. 
Similar to the current study (Table 3.3 and 3.4), genotypes of the Glycine max showed varying 
germination percentages (Panobianco and Viera, 1996). Genotype MGBR 87-42 had significantly low 
germination percentage while two genotypes- EMGOPA 309 and MTBR 89-1053 had significantly 
high germination percentage (Panobianco and Viera, 1996). In a study conducted by Babiker et al. 
(2017), all genotypes studied (14, 1, 16, 33, 41, 53, 56, 63, 67, 83, 86 and 95) of Triticum aestevium 
had significantly the same seed germination and germination rate. Contrary to the current study, these 
results suggest that the gene expression of these genotypes is almost similar (especially at the initial 
stages of growth), all the phases of germination (imbibition, mobilization of food reserves and radicle 
emergence) were in sync and hence a seedling growth and stand establishment will be synchronised. A 
study conducted by Khayamim et al. (2014) on Beta vulgaris subsp. vulgaris convar. vulgaris var. 
altissima discovered that genotypes had varying effects on seed germination. Genotype 7233 p.12 had 
significantly least germination percentage and genotype 452 had significantly high germination 
percentage while genotype B. maritima had no germination observed (Khayamim et al., 2014). Similar 
to A. esculentus and C. gynandra genotypes, Jatropha curcas genotypes also showed varying effects 
on germination (Islam et al., 2009). For instance, genotypes UKM-UJ-016 and UKM-UJ-012 had 
significantly higher germination percentage and genotypes UKM-UJ-004 and UKM-UJ-005 had 
significantly low germination percentage (Islam et al., 2009). Furthermore, genotype UKM-UJ-017 had 
statistically higher germination index while UKM-UJ-004 had least germination index (Islam et al., 




3.4.2. Effect of biostimulant application and their interaction effect with Abelmoschus 




Seaweed extracts are known to  promote seed germination, growth rate, shoot, and root development 
(Sasikala et al., 2016). In the current study, Kelpak® alone had no positive effect on germination 
parameters when compared to the control. However, the interaction of Kelpak® with Cleome Maseno 
(all dilutions) and Okra PB1 (1:100) increased the germination of these genotypes. These results are in 
agreement with the findings by various authors (Carvalho et al., 2013, El-Sheekh et al., 2016, Sasikala 
et al., 2016), that highlighted the positive effect of brown seaweed extracts on seed germination.  
The priming of Phaseoulus vulgaris seeds with Ascophyllum nodosum significantly increased the speed 
index of germination when compared to the control (Carvalho et al., 2013). Furthermore, Sargassum 
vulgare, Colpomenia sinuosa, and Padina pavonica, all at 5% (v/v), positively influenced the 
germination percentage of Trigonella foenum-graecum L. relative to the control (El-Sheekh et al., 
2016). These species further increased the mitotic index of Trigonella foenum-graecum L., indicating 
acceleration of radicle emergence and hence improved germination (El-Sheekh et al., 2016). The 
application of Sargassum tenerrimum 0.8% (v/v) to Solanum lycopersicum seeds resulted in 100% 
germination, which was significantly high when compared to control (Sasikala et al., 2016). In constant 
darkness at 15 ℃, brown seaweed (Cystoseira barbata) extracts significantly increased the germination 
percentage of Solanum lycopersicum and Solanum melongena seeds when compared to the  control 
(Demir et al., 2006). However, at 25℃, brown seaweed had no positive effect on the germination 
percentage of Solanum lycopersicum while the germination percentage of Solanum melongena was 
significantly improved (Demir et al., 2006). These brown seaweed extracts had no significant effect on 
the mean germination time relative to the control (Demir et al., 2006). Likewise, in the current study, 
Kelpak® (all dilutions) did not improve the MGT of both A. esculentus and C. gynandra seeds. The 
interaction of Kelpak® treatments with genotypes increased germination in some instance and 
significantly decreased it in order cases. Kelpak® (1:20) decreased the germination of genotype 
TOT10212, TOT8420, and Cleome 3.  
The efficacy of seaweed extracts is affected by their concentration and in most cases, it is enhances 
plant growth attributes at low concentrations (Michalak et al., 2017). The efficacy of seaweed extracts 
further vary between species and this is mainly caused by the biochemical contents and location of the 
species (El-Sheekh et al., 2016). Brown seaweed extracts contain more bioactive compounds when 
compared to other species of seaweeds (Battacharyya et al., 2015). Seaweed extracts further stimulate 
and accelerate cell division, elongation, differentiation, and protein synthesis (El-Sheekh et al., 2016). 
This explains the stimulating effect or acceleration of seed germination by Kelpak®. According to Demir 
et al. (2006), the application of seaweed extracts under the plant's favorable conditions has limited 
effect. However, under stress conditions, significant promotion of seed germination is more eminent. 
The beneficial effects of seaweed extracts on seed germination are attributed to the presence of 
phytohormones such as gibberellic acid and auxins (Michalak et al., 2017, Hidangmayum and Sharma, 
43 
 
2015, Altindal, 2019). Even though auxins do not directly affect seed germination, they facilitate the 
biosynthesis of gibberellic acid. 
In this study, PGPR treatments did not increase germination. In TOT8420, Cleome 3, and Okra PB1, 
PGPR had no significant effect when compared to the control while it decreased germination in Okra 
PB2, PB3, PB4, PB5, TOT10212, Cleome Maseno and Cleome Arusha. These results are in 
contradiction with the findings by Mangmang et al. (2016), where the application of A. brasilense (Sp7, 
Sp7-S, and Sp245) to tomato seeds, increased germination while in lettuce only Sp7 strain promoted 
germination value relative to the control (Mangmang et al., 2016). However, they are in agreement with 
those of Stamenov et al. (2018). In Allium cepa seeds, Bacillus sp. and Pseudomonas sp. reduced 
germination (%) while Azotobacter sp had no significant effect when compared to the control 
(Stamenov et al., 2018). The authors elucidated that Bacillus sp. and Pseudomonas sp. produce 
hydrogen cyanide (HCN) gas, which when available in larger quantities becomes toxic to the seed and 
hence inhibits germination. Treatment of Cuscuta campestris seeds with Bacillus sp. had no significant 
effect on seed germination when measured against the control (Sarić-Krsmanović et al., 2017). Bacillus 
subtilis promoted the germination (%) of sorghum var. CSH-14 and Proagro by 2 and 1% (v/v), 
respectively with respect to control  (Prathibha and Siddalingeshwara, 2013). B. brevis significantly 
increased the germination (%) and rate of Gossypium hirsutum (Nehra et al., 2016). Gibberellic acid 
promotes germination, while auxins promote the biosynthesis of gibberellic acid, which therefore 
triggers the activities of ∝-amylase (Mangmang et al., 2016). As applicable with seaweed extracts, the 
efficacy of PGPR is also dependent on the environmental conditions as they can alter activity of the 
PGPR (Yadav et al., 2010). Furthermore, the efficacy of this type of biostimulant is dependent on the 




The application of biostimulants influenced the germination parameters of A. esculentus and C. 
gynandra and may potentially affect seedling growth and yield. This study showed that the effect of 
biostimulants varies in different plant species and within genotypes of the same species. Furthermore, 
the efficacy of biostimulants depended on genotype and biostimulants concentration. Diverse responses, 
including stimulatory, inhibitory, and neutral effects, were demonstrated for the different treatments. 
This is because of the observed effect of different Kelpak® concentrations on the two test plant species 
and their respective genotypes and the toxic impact of PGPR treatments that remained noticeable in 
both plant species. Overall, this study demonstrated the importance and the contribution of 
biostimulants-type and concentration on seed germination.  
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Chapter 4: Effects of biostimulants on the growth and yield responses 
of Abelmoschus esculentus and Cleome gynandra genotypes. 
4.1. Introduction 
 
Following seed germination, seedling establishment and plant growth are important stages in plant 
production. During plant growth, several biotic (pest and disease manifestation) and abiotic (e.g. 
drought, flood and soil nutrient depletion) challenges may arise. Particularly, soil nutrient deficiencies 
have a negative impact on plant growth. For instance, shortage of nitrogen results in chlorosis, which 
reduces photosynthetic activity and hence production of soluble sugars for plant growth (Yeh et al., 
2000). The need for soil amendments/inputs, such as chemical fertilizers, that improve soil nutritional 
deficiencies during plant growth remains high which ameliorate soil nutrition deficiencies and improve 
plant growth. However, an indiscriminate use of chemical fertilizers can have a negative impact on 
environment (Tahat et al., 2020).  
Biostimulants are known for diverse benefits such as increasing crop yield, nutritional content of plant 
tissue, increase tolerance to abiotic stress, quality traits, and nutrient use and plant metabolism 
efficiency (Du Jardin, 2015, Calvo et al., 2014). Furthermore, biostimulants improve water efficiency, 
decrease soil pH and interact with plant signalling processes (Brown and Saa, 2015). Therefore, 
biostimulants have the potential to increase the growth and yield of multipurpose plants such as 
Abelmoschus esculentus and Cleome gynandra. This study evaluated the effect of selected biostimulants 
(Kelpak® and plant growth promoting rhizobacteria) and genotype on the growth and yield of A. 
esculentus and C. gynandra. 
 
4.2. Materials and methods 
4.2.1. Source of biostimulants and seeds 
 
Kelpak® was obtained from Kelp Products (Pty) Ltd, Simon’s Town, South Africa. Plant growth 
promoting rhizobacteria (commercial solution) (a mixture of organic acids, Bacillus sp., amino/fulvic 
acid, and soil bacteria) was purchased from Agriman (Pty) Ltd, South Africa. Seeds of A. esculentus 
and C. gynandra were obtained from Agricultural Research Council-Vegetables, Industrial and 
Medicinal Plants, Pretoria, South Africa. . These experiments were conducted in the glasshouse at the 
Agricultural Research Council-Vegetables, Industrial and Medicinal Plants, Pretoria, South Africa. 
Seeds were sterilized and soaked as described in section 3.2.2 (following a completely randomized 
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design). However, C. gynandra genotype Cleome 3 was excluded due to low germination activity 
observed in section 3.3). 
4.2.2. Planting, seedling growth and yield 
The experiment was established in potting soil, which consisted of 12% clay (Table 4.1). The potting 
soil consisted a fair amount of soil nutrients (soil properties presented in Table 4.1).  Seeds were sown 
directly into 25 cm diameter pots in a glasshouse, with temperatures 25 ℃ for A. esculentus and 30/20 
℃, day/night temperatures for C. gynandra. The current study involved two factors, where effect of 
biostimulant application and genotypes were considered. After planting, treatments were arranged in a 
completely randomised block design, replicated five times. Pots were monitored daily and irrigated 
every 24 h. Consecutively, 100 ml of biostimulant treatments per plant ([Kelpak® solution (1:100, 1:40 
and 1:20) and plant growth promoting Rhizobacteria (PGPR) (1:5, 1:10 and 1:15 v/v)] or distilled water 
(used as a control) was applied through soil drenching after every two weeks until termination. After 
successful establishment two months after planting, growth parameters (plant height, number of leaves, 
stem diameter and chlorophyll content) were measured weekly. A. esculentus experiment commenced 
on 21 September 2019 while C. gynandra commenced on 2 April 2020. Harvesting was done after five 
and three months of planting for A. esculentus and C. gynandra, respectively. Upon harvesting, fresh 
and dry weights of the pods for A. esculentus while fresh and dry weight of C. gynandra of leaves were 
recorded. 
 
Table 4.1: Chemical and physical properties of potting soil used in the current study. 
Properties Feature Units Value 
Chemical Element   
 P mg/kg 209.7 
 K mg/kg 4210 
 Ca mg/kg 5420 
 Mg mg/kg 1630 
 Na mg/kg 1120 
 pH  6.05 
 Total Acid  cmol(+)/kg 0 
 Total Cations cmol(+)/kg 56.1005 




4.2.3. Data analysis 
Data were analyzed using analysis of variance (ANOVA) following a completely randomised block 
designusing Genstat 64-bit Release 18.2 (PC/Windows 8). For statistical significance (p≤0.05), 




4.3.2. Effect of biostimulant treatments on growth and yield of Abelmoschus esculentus and 
Cleome gynandra. 
All treatments except Kelpak® (1:100) significantly increased plant height compared to the control 
(Figure 4.5). There was no significant difference in the number of leaves among biostimulant 
treatments. Application of PGPR (1:5 and 1:10) significantly increased the chlorophyll content while 
all PGPR treatments significantly improved stem diameter when compared to the control. In terms of 
yield, Kelpak® (1:20) and all PGPR treatments significantly improved the number of pods, total dry 
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Figure 4.1: Effects of biostimulant treatments on growth parameters of Abelmoschus esculentus 
genotypes (A) plant height (mm), (B) number of leaves, (C) chlorophyll content (SPAD) and 





























































































Figure 4. 2: Effects of biostimulant treatments on growth parameters of Abelmoschus esculentus 
genotypes (A) total number of pods, (B) total fresh weight of pods (g) and (C) total dry weight 




Biostimulant application did not affect the plant height and number of leaves of C. gynandra genotypes 
(Figure 4.7). However, PGPR (1:5 and 1:10) significantly enhanced stem diameter. In C. gynandra 
yield, Kelpak® (1:100, 1:40 and 1:20) and PGPR (1:15) had no significant effect on both the total leaf 
fresh and dry weights (Figure 4.8). These two parameters (total fresh and dry weight) were significantly 
improved by PGPR (1:5 and 1:10). According to ANOVA Table 5 (Appendix), there was no significant 

































































































































Figure 4.3: Effects of biostimulant treatments on growth parameters of Cleome gynandra genotypes 
(A) plant height (mm), (B) number of leaves, (C) chlorophyll content (SPAD) and (D) stem 






































































Figure 4.4: Effects of biostimulant treatments on growth parameters of Cleome gynandra genotypes 
(A) total fresh weight of harvested leaves and (B) total dry weight of harvested leaves (g). 









4.4.1. Effect of biostimulant application on growth and yield of Abelmoschus esculentus and 
Cleome gynandra genotypes. 
 
Biostimulants are well known for their stimulatory effect in many plants (Calvo et al., 2014, Brown and 
Saa, 2015, Yakhin et al., 2016). In the current study, Kelpak® did not stimulate growth and yield of 
Okra PB1 and PB5, as well as TOT10212, TOT8420 and Cleome Arusha. On the other hand, Kelpak® 
treatments enhanced the plant height and stem diameter of Okra PB3 and PB4. This is in agreement 
with the findings by Wang et al. (2017). The authors observed that the plant height of Malus hupehensis 
Rehd. seedlings was significantly enhanced by the application of brown seaweed extracts (Lessonia 
nigrescens and Lessonia flavicans) relative to the control (Wang et al., 2017). Furthermore, the 
biostimulant enhanced the chlorophyll content of Malus hupehensis. Similar effect was observed in the 
current study where Cleome Maseno’s chlorophyll content was significantly increased following the 
application of Kelpak®.  
Ecklonia maxima extracts had no stimulatory effect on the leaf number of Brassica rapa L. subsp. 
sylvestris (Di Stasio et al., 2017). However, a significant increase in SPAD (Soil Plant Analysis 
Development) index and yield was observed when Ecklonia maxima extracts were applied to Brassica 
rapa L. subsp. sylvestris (Di Stasio et al., 2017). A brown seaweed Sargassum vulgare, significantly 
increased plant height, number of leaves, root diameter, yield and the chlorophyll content of Raphanus 
sativus, when measured against the control (Mahmoud et al., 2019). Kelpak® is a commercially 
available brown seaweed extract that is predominantly high in cytokinins, auxins, gibberellins, 
brassinosteroids, polyamines, phlorotannins, aliginates, amino acids, mannitol but low in abscisic acid, 
macro-elements and micro-elements (Kocira et al., 2020, Lötze and Hoffman, 2015). A study found 
that single foliar spraying with Kelpak® (0.4% v/v) significantly increased number of pods of Phaseolus 
vulgaris cultivar Aura while it had no significant effect on Toska (Kocira et al., 2018). Likewise in the 
current study, Kelpak® (1:40) significantly enhanced the total number of pods, dry and fresh weight of 
Okra PB1 and dry weight of Okra PB3. In a study conducted by Arthur et al. (2003), soaking of seeds 
in Kelpak® (0.4% v/v) prior to planting in combination with Kelpak® (0.4% v/v) as foliar spray 
significantly enhanced the mass of marketable Capsicum annuum (var. Indra) when compared to the 
control, soaking of seeds prior to planting and foliar spraying methods. However, in other Capsicum 
annuum varieties (Orobelle and King Arthur), Kelpak® (0.4% v/v) treatment had no significant effect 
on the fruit mass (Arthur et al., 2003). Phytohormone content in seaweed extracts may contribute to 
their stimulating effect. For instance, cytokinins regulate vascular development and promote flower 
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development while auxins promote cell elongation in the coleoptile and rooting (Farooq et al., 2018). 
Furthermore, auxins enhance the production of adventitious roots, overall cell division and formation 
of meristem (Farooq et al., 2018). The synergistic effect of seaweed extracts, genotype and/or 
environment may contribute to the efficacy of seaweed extracts on plant growth, development and yield 
(Rathore et al., 2009, Kocira et al., 2020).  
Based on increasing evidence (Ahemad and Kibret, 2014, Sansinenea, 2019, Jamal et al., 2018, Ruzzi 
and Aroca, 2015), PGPR promote plant growth though the synthesis of plant growth regulators, 
promoting symbiotic N2 fixation and solubilisation of mineral phosphate and other nutrients. The 
efficacy of PGPR is dependent on environmental factors such as composition of microbial flora and 
soil characteristics (Yadav et al., 2010). In the current study, PGPR stimulated growth and yield 
parameters of A. esculentus and C. gynandra genotypes, which is in agreement with various studies 
(Orhan et al., 2006, Samaniego Gámez et al., 2016, Gowtham et al., 2018). In Rubus idaeus, Bacillus 
strain M3 significantly enhanced plant height while strain OSU-142 decreased this parameter relative 
to the control (Orhan et al., 2006). Similarly, plant stem diameter was significantly improved by strain 
M3 and while being significantly reduced by strain OSU-142 (Orhan et al., 2006). However, both 
bacterial strains significantly improved number of berries when compared to the control (Orhan et al., 
2006). Bacillus spp. (strains M9 and K46) had no significant effect on plant height of Capsicum annuum 
while stem diameter and fresh weight were significantly enhanced by strain M9 relative to the control 
(Samaniego Gámez et al., 2016). Strain M9 further significantly increased chlorophyll content when 
compared to strain K46 and control (Samaniego Gámez et al., 2016). Inoculation of Bacillus strains 
significantly enhanced stem and leaf dry weight and SPAD value in Cannabis sativa ‘Finola’ when 
compared to the control (Pagnani et al., 2018). Similarly in the current study, PGPR (1:10) significantly 
enhanced chlorophyll content of TOT10212 while PGPR (1:5, 1:10 and 1:15) had no stimulatory effect 
on TOT8420. In Capsicum annuum, B. amyloliquefaciens and B. cepacia application significantly 
enhanced plant height and number of leaves when measured against the control (Gowtham et al., 2018). 
Root exudates further play a role in the efficacy of PGPR. Their interaction with PGPR can either 
impede or promote plant nutrient cycling and thus reducing the need for chemical fertilizers. Often 
PGPR is referred to as bio-fertilizers, rhizoremediators and phytostimulators because of their role in 
plant growth (Jamal et al., 2018). The plant growth promoting effect of Bacillus spp. is further 
dependent on the location it is extracted from. Araújo et al. (2012) discovered that Bacillus isolates 
from locations Taciba, Pirapozinho, Nova Granada, Penapólis and Castilho significantly enhanced plant 
height of Zea mays while isolates from Birigui location had no significant effect when compared to the 
control. Moreover, Bacillus spp. promote the production of lytic enzymes, secondary metabolites and 
phytohormones (Tsukanova et al., 2017a), which may facilitate the formation of lateral roots, root hairs 
and primary root elongation. Bacillus spp. further plays a role in enhanced nutrient absorption by plants 





The application of biostimulants affected the growth and yield of both A. esculentus and C gynandra 
genotypes and is most likely to influence the biochemical and mineral elements content. The current 
study demonstrated that the effect of biostimulant vary with type,concentration, and genotype it is 
applied to. Kelpak® and PGPR treatments had varying effect on the growth and yield of genotypes of 
different plants. Even though Kelpak® enhanced growth and yield at a lesser extent when compared to 
PGPR, it did not inhibit either the growth or yield parameters relative to control. In conclusion, PGPR 
application had an overall positive impact on the growth and yield of A. esculentus and C. gynandra 
and can be used to combat food insecurity, especially in developing regions. This study further 
demonstrates that biostimulants may have  neutral effect on growth and yield of plants, therefore, more 
studies need to be conducted that will focus on optimizing the promontory effect biostimulants on plant 




Chapter 5: Effects of biostimulants on biochemical content and 
mineral elements of Cleome gynandra and Abelmoschus esculentus 
genotypes. 
5.1. Introduction 
Globally, more than 2 million people suffer from mineral and vitamin deficiencies (Theodore, 2010). 
Malnutrition results in infections and decreases the immune defence, thus hindering affected individuals 
from achieving their full mental and physical potentials (Hendricks et al., 2016). Malnutrition is often 
attributed to inadequate consumption of nutritious foods (Hendricks et al., 2016). The incorporation of 
nutritious plants in human diets can assist in combatting vitamin and mineral malnutrition. Abelmoschus 
esculentus and Cleome gynandra are potential plants for combatting nutritional deficiencies. 
Biostimulants have been explored for their potential to reduce the agricultural chemical footprint,  their 
ability to improve phytochemicals and as well as nutritional content (Rafiee et al., 2016). This is because 
biostimulants have a high range of bioactive compounds that positively interact with the environment 
to improve plant  secondary metabolites (Halpern et al., 2015). In response to the environment, 
biostimulants may enhance the concentration of bioactive compounds, including phenolic compounds 
and antioxidants (Yakhin et al., 2016). Biostimulants play a significant role in plant secondary 
metabolism, amongst other ways, through the provision of co-factors of anti-oxidative enzymes that are 
provided by mineral elements of seaweed extracts and by that solubilised by microbial inoculants (Van 
Oosten et al., 2017, Yakhin et al., 2016). Plant biostimulants can either activate signalling 
processes/metabolic pathways or enhance endophytic molecules and microbial populations that play a 
role in improving the biochemical content and mineral elements (Brown and Saa, 2015, Yakhin et al., 
2016). Furthermore, microbial inoculants enable the absorption of K+ (responsible for enzymatic 
activation) and prevent that of Na+ absorption and accumulation in the rhizosphere and hence contribute 
to the content of mineral element (Van Oosten et al., 2017). The present chapter aimed to determine the 
effect of biostimulants on the biochemical and mineral element contents in A. esculentus and C. 
gynandra genotypes. The parameters investigated were β-carotene, vitamin C, total phenolic, total 
flavonoid, condensed tannins, and mineral elements (Ca, Fe, K, Mg, Na, and Zn).  
  
 




5.2.1. Source of plant materials and chemicals 
  
The plant materials were obtained from the harvested A. esculentus (five genotypes: Okra PB1, PB2, 
PB3, PB4, and PB5) pods and C. gynandra (four genotypes: TOT10212, TOT8420, Cleome Maseno 
and Cleome Arusha) leaves treated with Kelpak® solution (1:100, 1:40 and 1:20) and plant growth 
promoting Rhizobacteria (PGPR) (1:5, 1:10 and 1:15 v/v). The plant samples were weighed and stored 
in a -80℃ freezer. Subsequently, the freeze-dried plant materials were ground and used for further 
analysis. All the chemicals used for the experiments in the current chapter are outlined in Appendix 
(Tables 6-9). 
 
5.2.2. Determination of total phenolic compounds (TPC) 
Total phenolic compounds (TPC) were determined using the Folin-Ciocalteu method as described by 
Makkar (2000). Ground plant sample (0.2 g) was extracted using 10 mL of 50% methanol and sonicated 
for 20 min. In triplicates, 50 𝜇L of plant extract was transferred into reaction tubes followed by 450 μL 
of distilled water, 250 μL of 1 N Folin-Ciocalteu reagent, and 1250 𝜇L of Na2CO3 (2%) solution. The 
reaction mixture was sonicated and incubated under dark condition for 40 min at room temperature. 
Absorbance was measured at 725 nm and a blank was prepared in a similar manner, except the plant 
extract was replaced with a solvent (50% methanol). TPC was calibrated by using a standard curve of 
gallic acid. 
 
5.2.3. Determination of total flavonoid content (TFC) 
Total flavonoid content (TFC) was determined according to the method described by Marinova et al. 
(2005). A ground sample of 0.2 g was extracted using 10 mL of 50% methanol and sonicated for 20 
min. In triplicates, an aliquot of 250 μL plant extract was added into a reaction tube. Thereafter, 1 mL 
of distilled water and 75 μL of 5% NaNO2 was added. After 5 min, 75 μL of 10% AlCl3, 0.5 mL of 1 M 
NaOH, and 0.6 mL of distilled H2O was added. The reaction mixture was further sonicated to mix 
thoroughly and measured for absorbance at 520 nm. A blank was prepared in a similar manner except 
that plant extract was replaced with a solvent, 50% methanol. TFC was calibrated by using a standard 
curve of catechin.  
 
5.2.3. Determination of condensed tannins 
Condensed tannins were determined by the HCl-butanol method as described by Makkar (2000) with 
slight modifications. A ground sample of 0.2 g was extracted using 10 mL of 50% methanol and 
sonicated for 20 min. In triplicates, plant extract (500 μL) was added into reaction tubes followed by 
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3000 μL of butanol-HCl added into the tube, and 100 μL of ferric reagent. The mixture was vortexed 
to mix thoroughly. The heated and unheated blanks were then prepared. The unheated blank was 
prepared by adding 0.5 mL of the extracted sample with 3 mL of butanol-HCl reagent and 0.1 mL of 
ferric reagent, while the heated blank was prepared by adding 0.5 mL of the extracted sample with 3 
mL of butanol (only) and 0.1 mL of ferric reagent. The heated blanks and samples were incubated at 
100 ℃ for 60 min and were then cooled at room temperature. The absorbance of both blanks was 
measured at 550 nm. The absorbance of the unheated blank was subtracted from the heated blank. 
Condensed tannins were calibrated by using a standard curve of cyanidin chloride. 
 
5.2.4. Determination of β-carotene. 
The β-carotene content was determined using a method described by Biehler et al. (2010) with 
modifications. Ground samples (0.2 g) was extracted using 10 mL of ice-cold hexane: acetone (1:1). A 
total of 15 mL of saturated NaCl was added to the reaction mixture. The mixture was vortexed and 
centrifuged (HERMLE Z513, Germany) (at 2000 rpm) for about two min each, to achieve phase 
separation to form a distinct aqueous polar layer and a non-polar layer. Aliquots of 20 μL extracts from 
the top layer of the nonpolar phase were withdrawn and filtered through a syringe filter (0.45 𝜇m) and 
were injected into the High-Performance Liquid Chromatography (HPLC) system (LC-2030C 3D, 
Shimadzu Corporation, Kyoto, Japan). The β-carotene content of samples was calculated from peak 
area generated from β-carotene standard calibration curve.  
 HPLC conditions- C18 Luna 150 × 4.5 mm 
- 5 𝜇m column 
- Temperature: 35 ℃ 
- Mobile phase: Acetonitrile: Dichloromethane: Methanol (7:2:1) 
- Flow rate:1.0 mL/ min 
- Detection wavelength: 450 nm. 
 
5.2.5. Determination of vitamin C 
 
Vitamin C content was determined using a method described by Odriozola-Serrano et al. (2007) with 
modifications. Extraction was done by adding 10 mL of 4.5% metaphosphoric acid into 0.2 g of sample 
in reaction tubes. The tubes were vortexed (Velp Scientifica Vortex Mixer, Europe), ice-cold sonicated 
for 30 min, and centrifuged at 2000 rpm for about 2 min. The mixture was then filtered into a 10 mL 
volumetric flask and further transferred into the vial (20 μL) for further analysis using HPLC. The 
standard curve was calibrated using ascorbic acid. 
 HPLC conditions- C18 Luna 150 × 4.5 mm 
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- 5 𝜇m column 
- Temperature: 35 ℃ 
- Mobile phase: H2O: Acetonitrile: Formic acid (99:0.9:0.1) 
- Flow rate:1.0 mL/min 
- Detection wavelength: 245 nm. 
 
5.2.6. Determination of mineral element content 
 
The mineral elements were quantified using an inductively coupled plasma - optical emission 
spectrometry (ICP-OES) (ICPE-9820, Shimadzu Corporation, Kyoto, Japan) as described by Ang and 
Lee (2005). Approximately 0.5 g of finely ground dried samples was wet digested using a mixture of 
nitric acid (65%) and hydrochloric acid (37%) (1:3 v/v). Digestion was further conducted on a 95 ℃ 
hot plate, after which an amount of 100 mL of distilled water was added to the reaction mixture. Each 
sample was digested in triplicates. Mineral elements in the digested plant materials were determined 
using the ICP-OES as according to Ang and Lee (2005). 
 
5.2.7. Data analysis 
Data were analyzed using analysis of variance (ANOVA) using Genstat 64-bit Release 18.2 
(PC/Windows 8). For statistical significance (p≤0.05), mean values were separated using 




























































































































































































































Figure 5.1: Effect of Cleome gynandra genotype on (A) Calcium, (B) Iron, (C) Potassium, (D) 
Magnesium, (E) Sodium and (F) Zinc. In each graph, bars with different letter(s) are 





5.3.2. Effect of biostimulant treatments on biochemical content and mineral elements of 
Abelmoschus esculentus and Cleome gynandra 
Biostimulant application had caused a significant decrease in the content of 𝛽-carotene and vitamin C. 
PGPR (1:5), Kelpak® (1:40) and Kelpak® (1:20) was characterized by significantly enhancing the total 
phenolic, total flavonoid and condensed tannins, respectively (Figure 5.5). Kelpak® (1:100 and 1:40) 
significantly enhanced the Ca content. However, PGPR (1:10 and 1:15) significantly enhanced Fe 




















































































































































































































Figure 5.2: Effect of biostimulant treatments application on the concentration of different biochemical 
parameters in Abelmoschus esculentus genotypes. (A) 𝛽-carotene, (B)  Vitamin C, (C) Total 
phenolic content, (D) Total flavonoid content and (E) Condensed tannins. In each graph, bars 























































































































































































































Figure 5.3: Effect of biostimulant application on the concentrations of different mineral elements in 
Abelmoschus esculentus genotypes. (A) Calcium, (B) Iron, (C) Potassium, (D) Magnesium, 






In C. gynandra, biostimulant treatments (Kelpak®- 1:40 and 1:20; PGPR- 1:5, 1:10, and 1:15) 
significantly enhanced the 𝛽-carotene, vitamin C, and total flavonoid content (Figure 5.7). Total 
phenolic content was significantly enhanced by Kelpak® (1:100, 1:40, and 1:20) and PGPR (1:5 and 
1:10) while PGPR (1:15) caused a significant reduction on this parameter. Condensed tannins content 
was significantly reduced by biostimulant application. Treatments had no significant effect on the Ca 
content of C. gynandra, while Mg and Fe content was significantly reduced by biostimulant application 
(Figure 5.8). Relative to the control, Kelpak® (1:100 and 1:40) and PGPR (1:5, 1:10 and 1:15) 


















































































































































































































Figure 5.4: Effect of biostimulant application on the concentration of different biochemical parameters 
in Cleome gynandra genotypes. (A) β-carotene, (B) Vitamin C, (C) Total phenolic content, 
(D) Total flavonoid content and (E) Condensed tannins. In each graph, bars with different 















































































































































































































Figure 5.5: Effect of biostimulant application on the concentrations of different mineral elements in 
Cleome gynandra genotypes. (A) Calcium, (B)  Iron, (C) Potassium, (D) Magnesium, (E) 





5.3.3. Interaction effect of genotype and treatment on biochemical content and mineral 
elements of Abelmoschus esculentus and Cleome gynandra. 
Biostimulants inhibited the β-carotene content of Okra PB1. Kelpak®- 1:20 and 1:40 significantly 
enhanced vitamin C and phenolic compounds of Okra PB1, respectively (Table 5.1). Kelpak® further 
significantly stimulated condensed tannins content. In Okra PB2, vitamin C content increased with 
increasing PGPR dilution. Interaction of Okra PB3 and Kelpak® (1:20) significantly enhanced the 
flavonoid content. Total phenolics content significantly decreased with decreasing PGPR dilution in 
Okra PB4. Application of PGPR (1:0 and 1:15) significantly enhanced Fe content of Okra PB2 (Table 
5.2). Even though not significantly higher, K content increased with increasing PGPR dilution in Okra 
PB3. 
Biostimulants (Kelpak®- all dilutions and PGPR- all dilutions) significantly enhanced the β- carotene 
content of TOT10212 (Table 5.3).  PGPR treatments caused a significant increase in phenolics of 
Cleome Maseno. However, with the increasing PGPR dilutions, TPC decreased.  In Cleome Arusha, 
Kelpak® (1:20) significantly enhanced vitamin C and condensed tannins of Cleome Arusha. 
Furthermore, PGPR (1:10) significantly increased the total flavonoid content in Cleome Maseno.
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Table 5.1: Interaction effect of Abelmoschus esculentus genotypes and biostimulant (KLP =Kelpak® dilution, PGPR = plant growth promoting rhizobacteria, 














Okra PB1 Control 4.575d 13.80j 10.127d-k 4.825h-l 1.744d 
 KLP 1:100 3.154
t 11.98m-p 9.409i-l 4.295l-o 1.409fg 
 KLP 1:40 3.564
lm 8.91x 11.965b 5.865def 1.842cd 
 KLP 1:20 3.007
u 17.85de 9.481i-l 5.193g-h 2.517a 
 PGPR 1:5 3.157
st 14.02ij 10.702c-h 5.884de 1.606e 
 PGPR 1:10 3.453
o 14.15hij 11.226bcd 6.394c-d 1.894c 
  PGPR 1:15 4.073gh 10.60s-v 10.009e-k 4.663j-n 2.337b 
Okra PB2 Control 3.692k 9.83w 11.102b-e 4.177no 1.229i 
 KLP 1:100 3.534
mn 12.25l-o 10.363c-j 4.442k-o 0.483r 
 KLP 1:40 3.483
no 10.38uvw 10.199c-k 11.947a 1.090j-n 
 KLP 1:20 4.091
g 14.50hi 7.792n 4.687j-n 0.797q 
 PGPR 1:5 2.963
uv 10.90r-u 8.100mn 4.707j-n 0.950op 
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 PGPR 1:10 3.529
mn 11.41pqr 5.344o 2.632r 1.378fgh 
  PGPR 1:15 3.233r 20.03b 9.275jkl 4.021op 1.069k-o 
Okra PB3 Control 6.146a 14.76h 7.884n 5.325e-h 0.496r 
 KLP 1:100 3.212
rs 17.39ef 8.813lmn 4.520k-o 1.003nop 
 KLP 1:40 3.558
lm 11.23qrs 10.928b-f 4.854h-l 1.241i 
 KLP 1:20 3.395
p 11.70n-q 9.470i-l 6.753c 1.175i-m 
 PGPR 1:5 5.043
c 12.36lmn 9.090klm 3.971op 1.047l-p 
 PGPR 1:10 5.255
b 11.06q-t 9.594h-l 5.149g-j 0.957nop 
  PGPR 1:15 4.344e 17.09f 7.910n 4.015op 1.041m-p 
Okra PB4 Control 3.346pq 23.00a 10.415c-i 4.530k-o 1.210ij 
 KLP 1:100 4.129
fg 12.78kl 11.133bcd 5.207g-j 1.398fgh 
 KLP 1:40 2.854
w 11.22qrs 8.126mn 3.530pq 0.931pq 
 KLP 1:20 3.602
l 11.64opq 9.778g-l 4.751i-m 1.294ghi 
 PGPR 1:5 4.153
f 15.72g 18.801a 5.310f-i 0.983nop 
 PGPR 1:10 3.833
j 12.64klm 9.983f-k 3.183qr 0.612r 
  PGPR 1:15 3.482no 18.92c 9.203klm 4.255mno 1.301ghi 
Okra PB5 Control 2.938v 18.28cd 10.784c-g 6.546c 1.848cd 
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 KLP 1:100 3.308
q 13.10k 9.173klm 6.491c 1.184ijk 
 KLP 1:40 3.823
j 17.98de 10.887b-g 5.516efg 1.177i-l 
 KLP 1:20 2.976
uv 12.58klm 11.087b-f 6.865c 2.365b 
 PGPR 1:5 4.156
f 11.56pqr 9.286jkl 4.884h-k 1.504ef 
 PGPR 1:10 4.017
h 10.18vw 11.287bc 7.827b 1.480ef 
 PGPR 1:15 3.908
i 10.50tuv 9.101klm 5.355e-h 1.265hi 
LSD 0.05643  0.6630                        1.1113                   0.5597          0.13435 
 
 
Table 5.2: Interaction effect of Abelmoschus esculentus genotypes and biostimulant (KLP =Kelpak® dilution, PGPR = plant growth promoting rhizobacteria, dilution) treatments 
on the concentration (mg/100 g sample) of mineral elements. In each column, values followed by different letters indicate statistically significant (p≤0.05) differences.  
Genotype Treatment Calcium Iron Potassium Magnesium Sodium Zinc 
Okra PB1 Control 6287def 88.40d-h 51933e 6020i-l 2327h 60.53jk 
 KLP 1:100 3240
nop 45.13m-p 27667gh 3144opq 1336lm 35.45n-q 
 KLP 1:40 5493
fgh 68.60ijk 54733e 5513klm 2567gh 57.20kl 
 KLP 1:20 5393
fgh 75.47hij 51600e 4987m 2443h 51.60kl 
 PGPR 1:5 3933
k-n 81.62f-i 42860ef 4917mn 2514h 73.93ghi 
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 PGPR 1:10 3080
nop 48.67mn 32540fg 3668op 1498j-m 39.13mno 
  PGPR 1:15 2517opq 40.93nop 26380gh 2904pq 1363lm 35.40n-q 
Okra PB2 Control 7433bc 105.20cd 68467d 7147fgh 3240def 90.27cde 
 KLP 1:100 6107
efg 74.53hij 72000cd 5767j-m 3350de 67.53ij 
 KLP 1:40 5267
ghi 78.93f-j 55133e 6707g-j 2540gh 80.67e-h 
 KLP 1:20 7673
bc 86.87e-h 79267bcd 8040def 3020ef 89.20cde 
 PGPR 1:5 3720
k-n 62.13j-m 34400fg 3933no 1959i 40.93mn 
 PGPR 1:10 7953
b 262.67a 100667a 9207abc 3973b 100.40ab 
  PGPR 1:15 7127bcd 276.87a 86400b 8233cde 3567cd 91.67bcd 
Okra PB3 Control 9107a 120.13bc 100333a 10200a 4460a 103.80a 
 KLP 1:100 6893
cde 83.20f-i 82067bc 7853ef 3247def 71.67hi 
 KLP 1:40 5927
fg 83.60f-i 71400cd 7100fgh 3000ef 76.87f-i 
 KLP 1:20 7500
bc 92.87d-g 82800bc 8173de 3727bc 97.73abc 
 PGPR 1:5 4660
h-k 74.60hij 52133e 6353h-k 3019ef 74.40ghi 
 PGPR 1:10 5467
fgh 95.40def 70867cd 7353efg 2953f 90.20cde 
  PGPR 1:15 7860b 103.60cde 90267ab 9527ab 4433a 97.60abc 
Okra PB4 Control 3015nop 46.00mno 33867fg 3060opq 1161m 30.47o-r 
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 KLP 1:100 4373
i-l 75.93g-j 70467cd 6820ghi 2387h 83.40d-g 
 KLP 1:40 1639
qr 30.47opq 17327hi 1786rs 765n 29.03pqr 
 KLP 1:20 3123
nop 50.21lmn 32360fg 3032opq 1445lm 35.51n-q 
 PGPR 1:5 1058
r 14.78q 13507i 1453s 639n 16.09s 
 PGPR 1:10 3407
mno 37.25nop 35800fg 3780op 1527j-m 40.93mn 
  PGPR 1:15 2367pq 43.53nop 27200gh 2500qr 1677i-l 22.67rs 
Okra PB5 Control 3513lmn 37.60nop 44467ef 3773op 1479klm 37.00nop 
 KLP 1:100 3545
lmn 28.27pq 28933gh 2573pr 1340lm 26.87qr 
 KLP 1:40 7333
bc 73.67hij 88467ab 6793ghi 3113ef 68.93ij 
 KLP 1:20 5213
g-j 67.53i-l 72133cd 6807ghi 2887fg 68.33ij 
 PGPR 1:5 7007
b-e 129.93b 82533bc 9033bcd 3047ef 101.67a 
 PGPR 1:10 4613
h-k 53.20k-n 49800e 5300lm 1824ijk 84.19def 
  PGPR 1:15 4280j-m 51.07lmn 44800ef 4907mn 1862ij 48.07lm 









Table 5.3: Interaction effect of Cleome gynandra genotypes and biostimulant (KLP =Kelpak® dilution, PGPR = plant growth promoting rhizobacteria, dilution) 
treatments on biochemical parameters. In each column, values followed by different letters indicate statistically significant (p≤0.05) differences.  
Genotype Treatment 
β-carotene (mg/ 100 g 
sample) 
Vitamin C (mg/ 
100 g sample) 
Phenolics (mg 
GAE/ g) 





TOT10212 Control 25.91n 16.54e-h 14.54n 0.4900kl 0.4067b 
 
KLP 1:100 176.09b 14.14hi 15.42mn 0.5733hij 0.1033k 
 KLP 1:40 140.75
c 45.00a 20.35efg 0.6700c-f 0.3533c 
 KLP 1:20 48.84
h-l 9.37j 21.31de 0.7233abc 0.0633l 
 PGPR 1:5 284.49
a 15.55f-i 17.38jk 0.7033bcd 0.1100jk 
 PGPR 1:10 33.39
m 8.72j 16.15klm 0.6733b-f 0.2800e 
  PGPR 1:15 44.84l 9.04j 16.45klm 0.7300ab 0.2333fg 
TOT8420 Control 45.87kl 14.70ghi 20.96def 0.6500d-g 0.2000hi 
 
KLP 1:100 34.65m 8.04j 15.94lmn 0.6233fgh 0.3533c 
 KLP 1:40 47.02
jkl 8.90j 21.83cd 0.6867b-e 0.2633ef 
 KLP 1:20 28.17
mn 22.93d 17.20jkl 0.6000ghi 0.0667l 
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 PGPR 1:5 48.80
h-l 9.56j 15.94lmn 0.5667hij 0.0500l 
 PGPR 1:10 47.63
i-l 17.58ef 18.99ghi 0.7000bcd 0.1367j 
  PGPR 1:15 52.37g-k 16.01e-i 18.61hij 0.6933b-e 0.1300jk 
Cleome Maseno Control 50.29g-l 17.17efg 17.90ij 0.4500lm 0.2267gh 
 
KLP 1:100 92.56d 8.53j 20.30efg 0.7000bcd 0.1000k 
 KLP 1:40 22.46
n 8.57j 16.23klm 0.5500ij 0.1933i 
 KLP 1:20 55.81
gh 18.42e 20.93def 0.5767hij 0.2733e 
 PGPR 1:5 27.95
mn 13.89hi 20.71def 0.5233jk 0.2767e 
 PGPR 1:10 54.58
ghi 18.45e 19.80fgh 0.7633a 0.2700e 
  PGPR 1:15 52.35g-k 13.71i 18.97ghi 0.7000bcd 0.3167d 
Cleome Arusha Control 80.28e 23.31d 22.74c 0.6500d-g 0.3533c 
 
KLP 1:100 56.30g 9.78j 27.65a 0.4200m 0.2367fg 
 KLP 1:40 53.02
g-j 23.30d 24.89b 0.6533d-g 0.3600c 
 KLP 1:20 92.28
d 35.84b 28.57a 0.6567d-g 0.4467a 
 PGPR 1:5 64.87
f 29.55c 25.60b 0.6467d-g 0.1733i 
 PGPR 1:10 87.51
d 24.32d 25.63b 0.5767hij 0.2633ef 
  PGPR 1:15 89.16d 22.70d 15.61mn 0.6400efg 0.2500efg 
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Table 5.4: Interaction effect of Cleome gynandra genotypes and biostimulant (KLP =Kelpak® dilution, PGPR = plant growth promoting rhizobacteria, dilution) 
treatments on the concentration (mg/100 g sample) of mineral elements. In each column, values followed by different letters indicate statistically 
significant (p≤0.05) differences.  
Genotype Treatment Calcium Iron Potassium Magnesium Sodium Zinc 
TOT10212 Control 1942a 21.82a 7413a 1432ab 131.3b 12.757b 
 
KLP 1:100 1425l-o 12.00mno 3300i 1109l 105.7g-k 9.200g-j 
 KLP 1:40 1711
efg 13.54h-k 7207b 1339cde 127.8bc 8.807i-l 
 KLP 1:20 1726
efg 13.06i-m 3507h 1439ab 121.8cd 8.753i-l 
 PGPR 1:5 1691
e-h 13.83hij 6780c 1241ghi 108.0g-j 9.153hij 
 PGPR 1:10 1743
d-g 12.87j-m 3660g 1277d-g 106.7g-k 9.893ef 
  PGPR 1:15 1862a-d 14.18f-i 3887f 1387bc 126.2bcd 9.500fgh 
TOT8420 Control 1395mno 10.73p 2680j 1187ijk 99.7klm 7.247op 
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 KLP 1:100 1925
ab 14.07f-j 7153b 1237ghi 111.3ghi 10.207de 
 KLP 1:40 1761
c-g 12.23lmn 3347i 1109l 99.9klm 10.773cd 
 KLP 1:20 1513
k-n 10.40p 2747j 1203hij 94.2m 9.297f-i 
 PGPR 1:5 1875
abc 15.07d-g 6693cd 1387bc 105.7h-k 8.780i-l 
 PGPR 1:10 1749
c-g 12.58klm 3867f 1345cd 106.6g-k 10.810cd 
  PGPR 1:15 1655ghi 15.47de 3947f 1077l 102.7jkl 8.620i-m 
Cleome Maseno Control 1517j-m 18.32c 3940f 1484a 110.5ghi 9.020h-k 
 
KLP 1:100 1467k-n 12.95j-m 6540e 1186ijk 110.1g-j 11.340c 
 KLP 1:40 1661
f-i 13.34i-l 6767c 1297d-g 132.3b 10.757cd 
 KLP 1:20 1467
k-n 13.10i-m 3873f 1095l 112.1fgh 8.530j-m 
 PGPR 1:5 1462
k-n 15.26def 7253b 1277d-g 104.0i-l 7.607no 
 PGPR 1:10 1324
o 14.70e-h 3573gh 1285d-g 106.9g-k 6.897p 
  PGPR 1:15 1328o 15.55de 6713cd 1267fgh 105.3h-k 8.063mn 
Cleome Arusha Control 1643g-j 10.90op 3300i 1263fgh 105.7g-k 10.293de 
 
KLP 1:100 1541i-l 16.05d 6647cde 1259fgh 113.1efg 9.857efg 
 KLP 1:40 1582
h-k 19.57b 6540e 1137jkl 120.5cde 15.487a 
 KLP 1:20 1813
b-e 11.36nop 6593de 1133kl 147.5a 9.223f-i 
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 PGPR 1:5 1390
no 13.09i-m 3900f 1183ijk 96.7lm 8.367klm 
 PGPR 1:10 1647
ghi 12.87j-m 6720cd 1272efg 119.5def 8.320lm 
  PGPR 1:15 1785c-f 14.01g-j 3507h 1321c-f 129.7b 9.247f-i 




 5.4.1. Effect of genotype on the biochemical and mineral element content in Abelmoschus 
esculentus and Cleome gynandra 
Biochemical characteristics of plants vary with genotypes and are considered to be amongst the 
important quality attributes in agricultural production and food security. In the present study, genotypes 
of A. esculentus and C. gynandra had varying biochemical composition (Table 5.4). Generally, this 
varying response has been reported for different plants (Irakli et al., 2019, Sokrab et al., 2011). The 
chemical composition (𝛽-carotene and total phenolic content) in Cannabis sativa varied with genotypes 
(Irakli et al., 2019). For instance, Cannabis sativa genotype Futura had significantly higher 𝛽-carotene 
content while Tygra had the least quantity. In addition, Futura had the highest phenolic content followed 
by Finola and Felina (Irakli et al., 2019). Similar trend was observed in the content of polyphenols in 
Zea mays genotype (Sokrab et al., 2011). Prunus cerasus genotypes had varying effects on the total 
phenolic and total flavan-3-ol content (Ciccoritti et al., 2017). Genotype BO- FD had significantly 
higher total phenolic and total flavan-3ol content while MM-OD had the least quantity of bioactive 
compounds (Ciccoritti et al., 2017). Findings by Yasaminshirazi et al. (2020) also strongly support the 
effect of  genotypes on the total phenolic content of Beta vulgaris subsp. vulgaris. Genotype Monty RZ 
F1 had significantly higher TPC while Sniezna Kula and Burpees Golden had significantly low levels 
(Yasaminshirazi et al., 2020). Given that genotypes play a role in the phenolic compound content of 
various plants (Palmieri et al., 2017), it is important to carefully select an appropriate genotype. 
Similar to the secondary metabolite content, mineral element concentration varied with genotypes used 
in the current study. Sokrab et al. (2011) demonstrated that mineral element content are influenced by 
genotypes of Zea mays. Genotype Mugtama-45 had significantly high total Na content while Hudiba-1 
had least quantity of Na (Sokrab et al., 2011). Total K, Mg and Ca content was high in PAN-6480, TL-
98B-6225-9×TL617 and S-98TLW-GHA, and least in S-98TLW-GHA, Banglore-9733 and Hudiba-1, 
respectively (Sokrab et al., 2011). Furthermore, Fe and Zn was high in TL-98B-6225-9×TL617 and 
PAN-6480, respectively while Mugtama-45 and S-98TLW-GHA had least Fe and Zn contents, 
respectively (Sokrab et al., 2011). In Vigna unguiculata, genotypes played a significant role in the 
mineral elements content (Gerrano et al., 2019). For instance, genotype IT90K-59 had high Ca content 
while genotype CH14 had least Ca content (Gerrano et al., 2019). A genotypic variation Fe content was 
also observed in the Vignia unguiculata genotypes, where genotype IT845-2246 had significantly high 
and Bechuana white had least Fe content (Gerrano et al., 2019). The varying effects of genotypes on 
the mineral elements in the current study was also collaborated by Moatshe et al. (2020). Moatshe et al. 
(2020) found that Carthamus tinctorius genotype Gila had significantly high Ca content while genotype 
Sina had least. Furthermore, genotype Kiam had significantly increased levels of Na and genotype 
Pi527710 had least levels (Moatshe et al., 2020). 
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5.4.2. Effect of biostimulant treatments and their interaction effect with Abelmoschus 
esculentus and Cleome gynandra genotypes biochemical and mineral elements content 
The effect of Kelpak on the phytochemical and nutritional content varies across genotypes. In the 
current study, Kelpak® (1:40) significantly enhanced phenolic content of Okra PB1. Likewise, Kelpak® 
(at varying levels) affected the biochemical content of two common bean cultivar’s (var. Aura and 
Toska) (Kocira et al., 2018). In Phaseleous vulgaris (var. Toska), Kelpak® application [single spraying- 
0.2 and 0.4% (v/v), double spraying- 0.2 and 0.4% (v/v)] had no significant effect on the total phenolic 
content (Kocira et al., 2018). However, single spraying of Kelpak® (0.2% v/v) significantly enhanced 
total phenolic content of the same cultivar. Kelpak treatments had no significant effect on both total 
phenolic and flavonoid content in Phaseleous vulgaris (var. Aura) (Kocira et al., 2018). Even though 
Kelpak® increased the phenolic content of Okra PB1, it did not increase that of TOT8420. Similarly, 
the application of brown seaweed (Ascophyllum nodousum) extract had no significant effect on the 
phenolic content of Solanum lycopersicum cultivars (Black Cherry, Brandywine, German Johnson and 
Roma) but enhanced the 𝛽-carotene content of German Johnson  (Sokrab et al., 2011). In Phaseolus 
vulgaris, Kelpak® application significantly enhanced average total flavonoid content in respect to 
control (Kocira et al., 2020). 
In the current study, the mineral content of genotypes were affected by Kelpak® application at varying 
levels. Similar trend have been reported in other plant species (Ngoroyemoto et al., 2020, Rouphael et 
al., 2018). Based on the findings by Ngoroyemoto et al. (2020), the application of Kelpak®  had diverse 
effects on the mineral composition of Amaranthus hybridus. While Kelpak®had no significant effect on 
Na, Zn and Mg, it significantly reduced the accumulation of Ca, Mg and Fe of Amaranthus hybridus 
(Ngoroyemoto et al., 2020). Ecklonia maxima extracts significantly enhanced mineral element 
composition (K and Mg) of Spinacia oleracea but had no stimulatory effect on the Na content 
(Rouphael et al., 2018). 
Seaweed extracts are common in agriculture for their ability to influence absorption, translocation and 
retention of mineral nutrients (Battacharyya et al., 2015). Compounds (eckol and phloroglucinol) found 
in Ecklonia maxima enhanced the activity of enzymes (such as 𝛼-amylase and MDH) and increased 
secondary metabolites (Rengasamy et al., 2015). This enhanced metabolism enhances the production 
and activity of enzymes involved in various biological processes including glycolysis and nitrogen 
assimilation, thereby increasing the production of secondary metabolites (Kocira et al., 2019, Mahmoud 
et al., 2019). The ability of seaweed extracts to facilitate the production of secondary metabolites is 
further attributed to their polysaccharides content, which activates defence responses (Sharma et al., 
2013). According to Kocira et al. (2020), the efficacy of biostimulants on production of phenolic content 
is dependent on the applied concentration. 
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Despite the numerous studies on the effects of PGPR application on improving growth and yield in crop 
plants, there are only few reports on its effect on biochemical and nutritional parameters. In the current 
study, PGPR significantly enhanced the β-carotene and TPC of Okra PB4 (1:5, 1:10 and 1:15) and 
Cleome Maseno (1:5 and 1:10). Likewise, inoculation of Cannabis sativa ‘Finola’ with PGPR 
significantly enhanced the TPC when compared to the control (Pagnani et al., 2018). Interestingly, the 
TPC of PGPR-inoculated plants was similar to that of nitrogen fertiliser-treated plants (Pagnani et al., 
2018). In the current study, the application of PGPR had varying effect on the mineral elements of both 
A. esculentus and C. gynandra genotypes. Bacillus megaterium significantly influenced the content of 
microelements (Fe, Cu, Zn and Mg) when compared to the un-inoculated control in both pot and field 
conditions (Kumar et al., 2014). PGPR are well-known for their siderophore-producing and mineral 
solubilisation ability, which play a role in the uptake of mineral elements (Kumar et al., 2014). Orhan 
et al. (2006) studied the effect of two Bacillus strains OSU-142 and M3 Rubus ideaeus nutrient content 
and the findings indicated that Ca content in the plants inoculated with both strains (OSU-142 and M3) 
was significantly higher than other nutrients. Furthermore, Bacillus stain M3 significantly enhanced the 
Ca, Fe and Mg content relative to strain OSU-142 and control (Orhan et al., 2006). The interaction of 
plant and bacteria organic acids in the rhizosphere has the potential to maintain the soil pH and thus 
improve the availability of mineral elements (Orhan et al., 2006). Based on the study by Esitken et al. 
(2010) on the nutritional properties of Fragaria ananassa, both Bacillus strains OSU-142 and M3, had 
no significant effect on Fe, Mg and Na content while M3 significantly enhanced Zn relative to control. 
PGPR have the ability to produce volatile organic compounds including antioxidants which can 
promote plant absorption and endophytic metabolic pathways leading to the production of volatile 
organic compounds (Aloo et al., 2019). The ability of PGPR to enhance mineral element availability 
and absorption on the rhizosphere by plant roots contributes to its positive effect on mineral elements 
(Almaghrabi et al., 2013). PGPR can further enhance the enzymatic actions involved in the 
antioxidative responses of plants and can facilitate the production of abscisic acid which further plays 
a role in inducing some biochemical responses involved in the plant stress responses (Calvo et al., 
2014). Some plant genotypes support the stimulatory effect of PGPR through production of root 
exudates that act as substrates to the inoculants (Calvo et al., 2014). The current study suggests that the 
efficacy of PGPR is strongly dependent on the plant species. 
Unfavourable conditions may lead to high production of secondary metabolites (total phenolics, 
condensed tannins and total flavonoids) regardless of biostimulant application. Secondary metabolites 
are produced in abundance in stressful conditions (nutrient deprivation) (Masondo et al., 2019), 
however, this is entirely species-dependent. This is similar to the findings of Rengasamy et al. (2016), 







In the current study, the effect of biostimulants on the biochemical and mineral elements content varies 
with different genotypes of the two plants. Biostimulant concentration played a major role in the 
biochemical and mineral elements content in the investigated plants. Therefore, biostimulants can be 
used to relieve increase the nutritional content of some A. esculentus and C. gynandra and hence combat 
nutritional deficiencies. Genotype, biostimulant application and the interaction of genotype and 
biostimulant application played a role on the biochemical and mineral elements content. The current 
study highlighted the significance effects of plant genotype, biostimulants-type and concentration on 
the biochemical and mineral elements in okra and cleome. This study further illustrated that 
biostimulants can be used to increase the biochemical content of medicinal plants, so as to increase their 
efficacy in treating various diseases. However, the varying effects observed in the current study suggest 
the need for further research to optimise the use of biostimulants for accumulation of important 















Chapter 6: General conclusion and recommendations  
 
Soil infertility contribution to insufficient and limited agricultural production remains one of the major 
concern as it ultimately increases food insecurity in developing countries. Literature indicates that 
biostimulants (Kelpak® and PGPR) can be used in agricultural production to increase plant yields and 
quality without degrading soil infertility. The current study evaluated the physiological and biochemical 
role of biostimulants on two important multipurpose plants in Africa, Abelmoschus esculentus and 
Cleome gynandra genotypes. 
Seed germination remains the most crucial step in crop production as it responsible for controlling 
seedling emergence and stand establishment. Biostimulants influenced the germination parameters of 
A. esculentus and C. gynandra genotypes. Seaweed extracts have been widely used as germination 
promoting agents because of their hormonal content (). These hormones are known for breaking 
dormancy and improving seed germination ().On the other hand, PGPR can fix nitrogen and produce 
phytohormones, including GA which promotes germination (Garcia-Cristobal et al., 2015).  Seaweed 
and PGPR have been widely used to stimulate seed germination in various species (Hernández-
Herrera et al., 2013, Mangmang et al., 2016, Prathibha and Siddalingeshwara, 2013, Sasikala 
et al., 2016, Stamenov et al., 2018). In the current study, the application of Kelpak® had a neutral 
effect on the germination parameters of A. esculentus genotypes while PGPR treatments had an 
inhibitory effect on germination parameters.Overall, biostimulants had no stimulatory effect on the 
germination of both A. esculentus and C. gynandra genotypes seeds. The overall promontory effect of 
seed germination parameters by Kelpak® treatments was significantly higher than that of PGPR.  
Seedling growth and stand establishment are important stages in agricultural production (plant growth 
and yield). Plant growth is affected by a number of parameters including but not limited to plant height, 
number of leaves, chlorophyll content and stem diameter. Genotypes of the same species often have 
different responses to the application of external stimulus, e.g. biostimulants. The function of 
biostimulants often vary depending on their nature and origin. Biostimulants affect the  metabolic 
processes through various mechanisms including production of phytohormones, improving nutrient 
uptake, translocation and utilization which ultimately affect the yield, nutritional and biochemical 
content (Kocira et al., 2020). Seaweed extracts are a rich source of various phyto-stimulators including 
auxins, cytokinins, polyamines, gibberellins, abscisic acid, and brassinosteroids (Rengasamy et al., 
2015). In the current study, the effect of Kelpak® remained limited, this is because of the observed 
stimulatory effect of Kelpak® (1:20) on the growth and yield of A. esculentus genotypes, while no 
stimulatory effect by Kelpak® treatments was observed on the growth and yield of C. gynandra 
genotypes. Furthermore, Kelpak® improved the β-carotene content of C. gynandra genotypes. PGPR 
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colonizes the rhizosphere, interact with plant roots and promote plant growth through various 
mechanisms such as the production of plant growth regulators, fixation of nitrogen and production of 
siderophores (Yadav et al., 2010). Application of PGPR (1:5 and 1:10) increased the total fresh and 
total dry weight of harvested leaves. Based on the results obtained in the current study, PGPR treatments 
were efficient in stimulating the growth, yield, biochemical and mineral elements content of the two 
selected multipurpose plants. PGPR improved the growth and yield of A. esculentus and C. gynandra 
when compared to Kelpak® treatments. Therefore, PGPR remains the preferred biostimulant to enhance 
the growth and yield of plants in crop production. 
. .. Biostimulants application had no constant effect on the biochemical and mineral elements content. 
The effect of biostimulant application varied form one plant to the next and also from genotypes of the 
same species. This raises the need for more research focusing on enhancing the effect biostimulants on 
the biochemical and mineral elements. 
The current study findings authenticate the potential use of biostimulants (Kelpak® and PGPR) on seed 
germination, plant growth and yield, and biochemical and mineral elements content. Biostimulant use 
can therefore be adopted as a tool of improving food security and tackle nutritional deficiencies on the 
rising world population. Based on the current study’s findings, biostimulant application can potentially 
be used on the cultivation of multipurpose plants which are of great importance, especially on the rural 
communities. The current study further revealed that the efficacy of biostimulants are plant genotype 
and concentration-dependent. However, a more in-depth assessment of the efficacy of biostimulants on 
seed germination, and biochemical and mineral element content is encouraged in order to establish 
methods that will enhance the effect of biostimulants on these parameters. The current study provided 
insights on the effect of biostimulants on different plant genotypes and the efficacy of biostimulant 





Abbas, S. M. 2013. The influence of biostimulants on the growth and on the biochemical composition 
of Vicia faba CV. Giza 3 beans. Romanian Biotechnological Letters, 18, 8061-8068. 
Adekiya, A. O., Agbede, T. M., Aboyeji, C. M. & Dunsin, O. 2017. Response of okra (Abelmoschus 
esculentus (L.) Moench) and soil properties to different mulch materials in different cropping 
seasons. Scientia Horticulturae, 217, 209-216. 
Adhikari, P. P. & Paul, S. B. 2018. Medicinally important plant Cleome gynandra: A phytochemical 
and pharmacological explanation. Asian Journal of Pharmaceutical and Clinical Research, 11, 
21-29. 
Agbodjato, N. A., Noumavo, P. A., Adjanohoun, A., Agbessi, L. & Baba-Moussa, L. 2016. Synergistic 
effects of plant growth promoting rhizobacteria and chitosan on in vitro seeds germination, 
greenhouse growth, and nutrient uptake of maize (Zea mays L.). Biotechnology Research 
International, 2016, DOI: 10.1155/2016/7830182. 
Agwe, J., Morris, M. & Fernandes, E. 2007. Africa’s growing soil fertility crisis: What role for 
fertilizer? In: DEVELOPMENT, A. A. R. (ed.). Washington D.C: The World Bank. 
Ahemad, M. & Kibret, M. 2014. Mechanisms and applications of plant growth promoting rhizobacteria: 
Current perspective. Journal of King Saud University - Science, 26, 1-20. 
Ahmad, M. S. & Aslam, M. S. 2016. Worldwide importance of medicinal plants: Current and historical 
perspectives. Recent Advances in Biology and Medicine, 2, 88-93. 
Ahouansinkpo, E., Atanasso, J., Dansi, A., Adjatin, A., Azize, O. & Sanni, A. 2016. Ethnobotany, 
phytochemical screening and toxicity risk of Cleome gynandra and Cleome viscosa, two 
traditional leafy vegetables vonsumed in Benin. International Journal of Current Microbiology 
and Applied Sciences, 5, 813-829. 
Albrecht, U. 2017. Plant biostimulants- snake oils or beneficial substances. In: STRAUSS, S. (ed.) 
Citrus Industry. Florida: Institute of Food and Agricultural Sciences. 
Ali, A. S. & Elozeiri, A. A. 2017. Metabolic processes during seed germination. Chapter 8, In: Jmenez-
Lopez JC, ed , Advances in Seed Biology. London: InTechOpen. 
Ali, N., Anwaar, A., Sheraz, M. & Khan, T. N. 2017. Genetic analysis of quality traits in Okra 
(Abelmoschus esculentus) under waste water irrigation. Journal Of Agriculture And Basic 
Sciences, 2, 43-49. 
Almaghrabi, O. A., Massoud, S. I. & Abdelmoneim, T. S. 2013. Influence of inoculation with plant 
growth promoting rhizobacteria (PGPR) on tomato plant growth and nematode reproduction 
under greenhouse conditions. Saudi Journal of Biological Sciences, 20, 57-61. 
Aloo, B. N., Makumba, B. A. & Mbega, E. R. 2019. The potential of Bacilli rhizobacteria for sustainable 
crop production and environmental sustainability. Microbiology Research, 219, 26-39. 
83 
 
Altindal, D. 2019. Effect of seaweed extracts (SE) applications on seed germination characteristics of 
wheat in salinity conditions. International Journal of Agriculture, Forestry and Life Sciences, 
3, 115-120. 
Ang, H. H. & Lee, K. L. 2005. Analysis of mercury in Malaysian herbal preparations. Journal of 
Medicine and Biomedical Research, 4, 31-36. 
Aparadh, V. T., Mahamuni, R. J. & Karadge, B. A. 2012. Taxonomy and physiological studies in spider 
flower (Cleome species): A critical review. Plant Science and Feed, 2, 25-46. 
Araújo, F. F. D., Souza, E. C., Guerreiro, R. T., Guaberto, L. M. & Araújo, A. S. F. D. 2012. Diversity 
and growth promoting activities of Bacillus sp. In maize. Revista Caatinga, 25, 1-7. 
Arthur, G., Stirk, W. & Van Staden, J. 2003. Effect of a seaweed concentrate on the growth and yield 
of three varieties of Capsicum annuum. South African Journal of Botany, 69, 207-211. 
Asghari, B., Khademian, R. & Sedaghati, B. 2020. Plant growth promoting rhizobacteria (PGPR) confer 
drought resistance and stimulate biosynthesis of secondary metabolites in pennyroyal (Mentha 
pulegium L.) under water shortage condition. Scientia Horticulturae, 263, 1-10. 
Ashour, M., El-Shafei, A. A., Khairy, H. M., Abd-Elkader, D. Y., Mattar, M. A., Alataway, A. & 
Hassan, S. M. 2020. Effect of Pterocladia capillacea seaweed extracts on growth parameters 
and biochemical constituents of Jew’s Mallow. Agronomy, 10, DOI: 
10.3390/agronomy10030420. 
Ashrafuzzaman, M., Hossen, F. A., Ismail, M. R., Hoque, M. A., Islam, M. Z., Shahidullah, S. M. & 
Meon, S. 2009. Efficiency of plant growth promoting rhizobacteria (PGPR) for the 
enhancement of rice growth. African Journal of Biotechnology 8, 1247-1252. 
Babiker, W. A., Abdelmula, A. A., Eldessougi, H. I. & Gasim, S. E. M. 2017. The effect of location, 
sowing date and genotype on seed quality traits in bread wheat (Triticum aestevium). Asian 
Journal of Plant Science and Research, 7, 24-28. 
Balakrishnan, D., Subrahmanyam, D., Badri, J., Krishnamraju, A., Venkateswararao, Y., Beerelli, K., 
Mesapogu, S., Surapaneni, M., Ponnuswamy, R., Padmavathi, G., Babu, V. R. & Neelamraju, 
S. 2016. Genotype × environment interactions of yield traits in backcross introgression lines 
derived from Oryza sativa cv. Swarna/ Oryza nivara. Frontiers in  Plant Science, 7, DOI: 
10.3389/fpls.2016.01530. 
Baraki, F., Gebregergis, Z., Belay, Y., Berhe, M., Teame, G., Hassen, M., Gebremedhin, Z., Abadi, A., 
Negash, W., Atsbeha, A. & Araya, G. 2020. Multivariate analysis for yield and yield-related 
traits of sesame (Sesamum indicum L.) genotypes. Heliyon, 6, DOI: 
10.1016/j.heliyon.2020.e05295. 
Battacharyya, D., Babgohari, M. Z., Rathor, P. & Prithiviraj, B. 2015. Seaweed extracts as biostimulants 
in horticulture. Scientia Horticulturae, 196, 39-48. 
Beckett, R. P. & Van Staden, J. 1990. The effect of seaweed concentrate on the uptake of foliar-applied 
Cu, Mn and Zn by tomato seedlings. South African Journal of Botany, 56, 389-392. 
84 
 
Bhardwaj, R. L. 2014. Effect of growing media on seed germination and seedling growth of papaya cv. 
Red lady. African Journal of Plant Science, 8, 178-184. 
Bhat, K. V., Yadav, S., John, J., Malik, S. K., Sutar, S. & Patil, P. 2015. Numerical taxonomy of 
Abelmoschus Medik. (Malvaceae) in India. Bangladesh Journal of Plant Taxonomy, 22, 87-98. 
Biehler, E., Mayer, F., Hoffmann, L., Krause, E. & Bohn, T. 2010. Comparison of three 
spectrophotometric methods for carotenoid determination in frequently consumed fruits and 
vegetables. Journal of Food Science, 75, 55-61. 
Bot, A. & Benites, J. 2005. The importance of soil organic matter: key to drought-resistant soil and 
sustained food and production, Food and Agriculture Organization of the United Nations and 
Intergovernmental Technical Panel on Soils, Rome, Italy. 
Bowman, J. C. 1972. Genotype x environment interactions. Annales de génétique et de sélection 
animale,, 4, 117-123. 
Brown, P. & Saa, S. 2015. Biostimulants in agriculture. Frontiers in Plant Science 6, 671. 
Buckwalter, C. & Fake, C. 2003. Using organic amendments. In: Extension, C. & California, U. O. 
(eds.). (Uknown) 
Bukhat, S., Imran, A., Javaid, S., Shahid, M., Majeed, A. & Naqqash, T. 2020. Communication of plants 
with microbial world: Exploring the regulatory networks for PGPR mediated defense signaling. 
Microbiological Research, 238, 1-20. 
Bulgari, R., Franzoni, G. & Ferrante, A. 2019. Biostimulants application in horticultural crops under 
abiotic stress conditions. Agronomy, 9, DOI: 10.3390/agronomy9060306. 
Calvo, P., Nelson, L. & Kloepper, J. W. 2014. Agricultural uses of plant biostimulants. Plant and Soil, 
383, 3-41. 
Canellas, L. P., Olivares, F. L., Aguiar, N. O., Jones, D. L., Nebbioso, A., Mazzei, P. & Piccolo, A. 
2015. Humic and fulvic acids as biostimulants in horticulture. Scientia Horticulturae, 196, 15-
27. 
Caruso, G., El-Nakhel, C., Rouphael, Y., Comite, E., Lombardi, N., Cuciniello, A. & Woo, S. L. 2020. 
Diplotaxis tenuifolia (L.) DC. Yield and quality as influenced by cropping season, protein 
hydrolysates, and Trichoderma applications. Plants, 9, DOI: 10.3390/plants9060697. 
Carvalho, M. E. A., Castro, P. R. C., Novembre, A. D. C. & Chamma, H. M. C. P. 2013. Seaweed 
extract improves the vigor and provides the rapid emergence of dry bean seeds. American-
Eurasian Journal of Agricultural and Environmental Science, 13, 1104-1107. 
Castro, T. C. D., Simões-Gurgel, C., Ribeiro, I. G., Coelho, M. G. P. & Albarello, N. 2014. 
Morphological aspects of fruits, seeds, seedlings and in vivo and in vitro germination of species 
of the genus Cleome. Journal of Seed Science, 36, 326-335. 
Chagomoka, T., Drescher, A., Glaser, R., Marschner, B., Schlesinger, J. & Nyandoro, G. 2015. 
Vegetable production, consumption and its contribution to diets along the urban-rural 
85 
 
continuum in Northern Ghana. African Journal of Food, Agriculture, Nutrition and 
Development, 15, 10352-10367. 
Chakraborty, K. & Mistri, B. 2015. Soil fertility and its’ impact on agricultural productivity: A study in 
sapar Mouza, Burdwan-I C.D. Block, West Bengal. International Journal of Humanities & 
Social Science Studies 2, 196-206. 
Chiappero, J., Cappellari, L. D. R., Sosa Alderete, L. G., Palermo, T. B. & Banchio, E. 2019. Plant 
growth promoting rhizobacteria improve the antioxidant status in Mentha piperita grown under 
drought stress leading to an enhancement of plant growth and total phenolic content. Industrial 
Crops and Products, 139, DOI: 10.1016/j.indceop.2019.111553. 
Chweya, J. A. & Mnzava, N. A. 1997. Cat’s whiskers. Cleome gynandra L. Promoting the conservation 
and use of underutilized and neglected crops, Rome, Italy., Institute of Plant Genetics and Crop 
Plant Research, Gatersleben/International Plant Genetic Resources Institute. 
Ciccoritti, R., Paliotta, M., Centioni, L., Mencarelli, F. & Carbone, K. 2017. The effect of genotype and 
drying condition on the bioactive compounds of sour cherry pomace. European Food Research 
and Technology, 244, 635-645. 
Colla, G., Nardi, S., Cardarelli, M., Ertani, A., Lucini, L., Canaguier, R. & Rouphael, Y. 2015. Protein 
hydrolysates as biostimulants in horticulture. Scientia Horticulturae, 196, 28-38. 
D’addabbo, T., Laquale, S., Perniola, M. & Candido, V. 2019. Biostimulants for plant growth 
promotion and sustainable management of phytoparasitic nematodes in vegetable crops. 
Agronomy, 9, DOI: 10.3390/agronomy9100616. 
DAFF 2012. Okra: Hibiscus esculentus. In: DEPARTMENT OF AGRICULTURE, F. A. F. (ed.). 
Pretoria: DAFF. 
DAFF 2014. Cleome Production Guidelines. In: DEPARTMENT OF AGRICULTURE, F. A. F. (ed.). 
Pretoria: DAFF. 
Das, U. & Islam, M. S. 2019. A review study on different plants in Malvaceae family and their medicinal 
uses. American Journal of Biomedical Science & Research, 3, 94-97. 
Davis, J. G. & Whiting, D. 2013. Choosing a Soil Amendment. In: UNIVERSITY, C. S. 
(ed.).(Unknown) 
Demir, N., Dural, B. & Yildirim, K. 2006. Effect of seaweed suspensions on seed germination of 
tomato, pepper and aubergine. Journal of Biological Sciences, 6, 1130-1133. 
Di Mola, I., Cozzolino, E., Ottaiano, L., Giordano, M., Rouphael, Y., Colla, G. & Mori, M. 2019. Effect 
of vegetal- and seaweed extract-based biostimulants on agronomical and leaf quality traits of 
plastic tunnel-grown baby lettuce under four regimes of nitrogen fertilization. Agronomy, 9, 
DOI: 10.3390/agronomy9100571. 
Di Stasio, E., Rouphael, Y., Colla, G., Raimondi , G., Giordano, M., Pannico, A., El-Nakhel, C. & De 
Pascale, S. 2017. The influence of Ecklonia maxima seaweed extract on growth, photosynthetic 
86 
 
activity and mineral composition of Brassica rapa L. subsp. sylvestris under nutrient stress 
conditions. European Journal of Horticultural Science, 86, 286-293. 
Digruber, T., Sass, L., Cseri, A., Paul, K., Nagy, A. V., Remenyik, J., Molnár, I., Vass, I., Toldi, O., 
Gyuricza, C. & Dudits, D. 2018. Stimulation of energy willow biomass with triacontanol and 
seaweed extract. Industrial Crops and Products, 120, 104-112. 
Doughari, J. H. 2010. Phytochemicals: Extraction methods basic structures and mode of action as 
potential chemotherapeutic agents. In: RVEENKETESHWER (ed.) Phytochemicals - A global 
perspective of their role in nutrition and health. InTechOpen. 
Du Jardin, P. 2015. Plant biostimulants: Definition, concept, main categories and regulation. Scientia 
Horticulturae, 196, 3-14. 
Duan-Yin, G., Xiu-Feng, W. & Fang-Jun, D. 2014. Plant biostimulants: a review on categories, effects 
and application. Chinese Society of Plant Nutrition and Fertilizer Science 2014 Academic 
Annual. Harbin, Heilongjiang Province, China. 
Ebrahimi, M. & Miri, E. 2016. Effect of humic acid on seed germination and seedling growth of Borago 
officinalis and Cichorium intybus. Ecopersia, 4, 1239-1249. 
El-Naggar, A., Lee, S. S., Rinklebe, J., Farooq, M., Song, H., Sarmah, A. K., Zimmerman, A. R., 
Ahmad, M., Shaheen, S. M. & Ok, Y. S. 2019. Biochar application to low fertility soils: A 
review of current status, and future prospects. Geoderma, 337, 536-554. 
El-Sheekh, M. M., Ismail, M. M. & Hamouda, M. M. 2016. Influence of some brown seaweed extracts 
on germination and cytological responses of Trigonella foenum-graecum L. BioTechnology: 
An Indian Journal, 12, 1-12. 
El Boukhari, M. E. M., Barakate, M., Bouhia, Y. & Lyamlouli, K. 2020. Trends in seaweed extract 
based biostimulants: Manufacturing process and beneficial effect on soil-plant systems. Plants, 
9, DOI: 10.3390/plants9030359. 
Esitken, A., Yildiz, H. E., Ercisli, S., Figen Donmez, M., Turan, M. & Gunes, A. 2010. Effects of plant 
growth promoting bacteria (PGPB) on yield, growth and nutrient contents of organically grown 
strawberry. Scientia Horticulturae, 124, 62-66. 
Fairhurst, T. 2012. Handbook for Integrated Soil Fertility Management, Nairobi, Africa Soil Health 
Consortium. 
Farooq, M., Bakhtiar, M., Khan, M. N., Iltaf Khan, K. K., Ilyas, N., Khan, S., Qayum, A., Siddique, M. 
& Ullah, N. 2018. Auxin biosynthesis, its role in plant growth, devolopment and physiological 
process. International Journal of Fauna and Biological Studies, 5, 23-27. 
Farooq, M., Gogoi, N., Hussain, M., Barthakur, S., Paul, S., Bharadwaj, N., Migdadi, H. M., Alghamdi, 
S. S. & Siddique, K. H. M. 2017. Effects, tolerance mechanisms and management of salt stress 
in grain legumes. Plant Physiology and Biochemistry, 118, 199-217. 
Fawole, W. O., Ilbasmis, E. & Ozkan, B. 2015. Food insecurity in Africa in terms of causes, effects and 
solutions: A case study of Nigeria. 2nd International Conference on Sustainable Agriculture 
87 
 
and Environment. Selcuk University and Bahri Dagdas International Agricultural Research 
Institute Campus City of Konya, Turkey. 
Fekadu Gemede, H. 2015. Nutritional quality and health benefits of “okra” (Abelmoschus esculentus): 
A review. International Journal of Nutrition and Food Sciences, 4, 208-215. 
 Food and Agriculture Organization (FAO). 2017. The future of food and agriculture- Trends and 
challanges. Rome  
Food and Agriculture Organization (FAO). 2011. The state of the world’s land and water resources for 
food and agriculture (SOLAW) – Managing systems at risk. 711 Third Avenue, New York 
10017: Food and Agriculture Organization, United Nations, Rome and Earthscan, London. 
 
García-Carmona, M., Arcenegui, V., García-Orenes, F. & Mataix-Solera, J. 2020. The role of mosses 
in soil stability, fertility and microbiology six years after a post-fire salvage logging 
management. Journal of Environmental Management, 262, DOI: 
10.1016/jenvman.2020.110287. 
Garrity, D. P., Akinnifesi, F. K., Ajayi, O. C., Weldesemayat, S. G., Mowo, J. G., Kalinganire, A., 
Larwanou, M. & Bayala, J. 2010. Evergreen Agriculture: a robust approach to sustainable food 
security in Africa. Food Security, 2, 197-214. 
Gemede, H. F. 2015. Nutritional quality and health benefits of okra (Abelmoschus esculentus): a review. 
Journal of Food Processing & Technology, 06, DOI: 10.11648/j.ijnfs.20150402.22. 
Gerrano, A. S., Rensburg, W. S. J. V., Venter, S. L., Shargie, N. G., Amelework, B. A., Shimelis, H. A. 
& Labuschagne, M. T. 2019. Selection of cowpea genotypes based on grain mineral and total 
protein content. Acta Agriculturae Scandinavica, Section B- Soil and Plant Science, 69, 155-
166. 
Ghori, M. U., Alba, K., Smith, A. M., Conway, B. R. & Kontogiorgos, V. 2014. Okra extracts in 
pharmaceutical and food applications. Food Hydrocolloids, 42, 342-347. 
Golorana, J. B., Johnson-Beebouta, S. E., Moretea, M. J., Impaa, S. M., Kirkb, G. J. D. & Wissuwac, 
M. 2019. Grain Zn concentrations and yield of Zn-biofortified versus Zn-efficient rice 
genotypes under contrasting growth conditions. Field Crops Research, 234, 26-32. 
Gouda, S., Kerry, R. G., Das, G., Paramithiotis, S., Shin, H.-S. & Patra, J. K. 2018. Revitalization of 
plant growth promoting rhizobacteria for sustainable development in agriculture. 
Microbiological Research, 26, 131-140. 
Gowtham, H. G., Murali, M., Singh, S. B., Lakshmeesha, T. R., Narasimha Murthy, K., Amruthesh, K. 
N. & Niranjana, S. R. 2018. Plant growth promoting rhizobacteria- Bacillus amyloliquefaciens 
improves plant growth and induces resistance in chilli against anthracnose disease. Biological 
Control, 126, 209-217. 
88 
 
Grobelak, A., Kokot, P., Hutchison, D., Grosser, A. & Kacprzak, M. 2018. Plant growth promoting 
rhizobacteria as an alternative to mineral fertilizers in assisted bioremediation-sustainable land 
and waste management. Journal of Environmental Management, 227, 1-9. 
Hall, C., Dawsona, T. P., Macdiarmid, J. I., Matthewsc, R. B. & Smithd, P. 2017. The impact of 
population growth and climate change on food security in Africa: looking ahead to 2050. 
International Journal of Agricultural Sustainability, 15, 24–135. 
Halpern, M., Bar-Tal, A., Ofek, M., Minz, D., Muller, T. & Yermiyahu, U. 2015. The use of 
biostimulants for enhancing nutrient uptake. In: Sparks, D. L. (ed.) Advances in Agronomy. 
Hartemink, A. E. 2007. Soil fertility decline: Definitions and assessment. Encyclopedia of Soil Science 
1618-1623. New York: Marcel  Dekker. 
Hashem, A., Tabassum, B. & Fathi Abd Allah, E. 2019. Bacillus subtilis: A plant-growth promoting 
rhizobacterium that also impacts biotic stress. Saudi Journal of Biological Sciences, 26, 1291-
1297. 
Hassan, E. & Dinesh, M. 2018. Use of plant growth promoting rhizobacteria (PGPRs) with multiple 
plant growth promoting traits in stress agriculture: action mechanisms and future prospects. 
Ecotoxicology and Environmental Safety, 156, 225-246. 
Hendricks, M. K., Kruger, H. S. & Puoane, T. 2016. Nutritional management of multiple nutrient 
deficiencies. In: STEYN, N. P. & TEMPLE, N. J. (eds.) Community nutrition textbook for 
South Africa: A rights-based approach. Cape Town: South African Medical Research Council. 
Hernández-Herrera, R. M., Santacruz-Ruvalcaba, F., Ruiz-López, M. A., Norrie, J. & Hernández-
Carmona, G. 2013. Effect of liquid seaweed extracts on growth of tomato seedlings (Solanum 
lycopersicum L.). Journal of Applied Phycology, 26, 619-628. 
Hidangmayum, A. & Sharma, R. 2015. Effect of different concentration of commercial seaweed liquid 
extract of Ascophylum nodosum on germination of onion (Allium cepa L.). International 
Journal of Science and Research, 6(7) 1488-1491. 
Hossain, M. M., Das, K. C., Yesmin, S. & Shahriar, S. 2016. Effect of plant growth promoting 
Rhizobacteria (PGPR) in seed germination and root-shoot development of chickpea (Cicer 
arietinum L.) under diffeent salinity conditions. Research in Agriculture Livestock and 
Fisheries, 3, 105-113. 
Hue, N. & Silva, J. A. 2000. Organic soil amendments for sustainable agriculture. In: RESOURCES, 
C. O. T. A. A. H. (ed.) Plant nutriwnt management n Hawaii's soils: Approaches for tropical 
and subtropical agriculture. Hawaii: University of Hawaii. 
Hussein, K. A. & Joo, J. H. 2018. Plant growth promoting Rhizobacteria improved salinity tolerance of 
Lactuca sativa and Raphanus sativus. Journal of Microbiology and Biotechnology, 28, 938-
945. 
International Fertilizer Association (IFA), World Farmers Organisation (W.FO) & Global Alliance for 
Climate Smart Agriculture(GACSA). 2016. Nutrient Management Handbook. 
89 
 
Ilaboya, I. R., Atikpo, E., Omofuma, F. E., Asekhame, F. F. & Umukoro, L. 2012. Causes, effects and 
way forward to food insecurity. Iranica Journal of Energy & Environment, 3, 180-188. 
Inda, L. A., Torrecilla, P., Catalán, P. & Ruiz-Zapata, T. 2008. Phylogeny of Cleome L. and its close 
relatives Podandrogyne Ducke and Polanisia Raf. (Cleomoideae, Cleomaceae) based on 
analysis of nuclear ITS sequences and morphology. Plant Systematics and Evolution, 274, 111-
126. 
International Plant Nutrition Institute (IPNI) & International Fertilizer Association (IFA). 2012. 
Fertilizing crops to improve human health: A scientific review, Norcross, GA, USA and Paris, 
France. 
Irakli, M., Tsaliki, E., Kalivas, A., Kleisiaris, F., Sarrou, E. & Cook, C. M. 2019. Effect of genotype 
and growing year on the nutritional, phytochemical, and antioxidant properties of industrial 
hemp (Cannabis sativa L.) seeds. Antioxidants (Basel), 8, DOI: 10.3390/antiox8100491. 
Islam, A. K. M. A., Anuar, N. & Yaakob, Z. 2009. Effect of genotypes and pre sowing treatments on 
seed germination behaviour of Jatropha. Asian Journal of Plant Sciences, 8, 433-439. 
Intergovermental Technical Panel on Soil (ITPS 2015). Status of the World’s Soil Resources (SWSR) – 
Technical Summary, Rome, Food and Agriculture Organization (FAO). 
Jamal, Q., Lee, Y. S., Jeon, H. D. & Kim, K. Y. 2018. Effect of plant growth promoting bacteria Bacillus 
amyloliquefaciens Y1 on soil properties, pepper seedling growth, rhizosphere bacterial flora 
and soil enzymes. Plant Protection Science, 54, 129-137. 
Jamshidi-Kia, F., Lorigooini, Z. & Amini-Khoei, H. 2018. Medicinal plants: Past history and future 
perspective. Journal of Herbmed Pharmacology, 7, 1-7. 
Kader, M. A. 2005. A Comparison of seed germination calculation formulae and the associated 
interpretation of resulting data. Journal & Proceedings of the Royal Society of New South 
Wales, 138, 65-75. 
Kamel, W. M., El-Ghani, M. M. A. & El-Bous, M. M. 2010. Cleomaceae as a distinct family in the 
flora of Egypt. The African Journal of Plant Science and Biotechnology, 4, 11-16. 
Kang, M. 2002. Genotype-environment interaction: Progress and prospects. Quantitative Genetics, 
Genomics and Plant Breeding., 221-243. 
Khan, W., Rayirath, U. P., Subramanian, S., Jithesh, M. N., Rayorath, P., Hodges, D. M., Critchley, A. 
T., Craigie, J. S., Norrie, J. & Prithiviraj, B. 2009. Seaweed extracts as biostimulants of plant 
growth and development. Journal of Plant Growth Regulation, 28, 386-399. 
Khayamim, S., Afshari, R. T., Y.Sadeghian, S., Poustini, K., Rouzbeh, F. & Abbasi, Z. 2014. Seed 
germination, plant establishment, and yield of sugar beet genotypes under salinity stress. 
Journal of Agriculture, Science and Technology, 16, 779-790. 
Kiebre, Z., Bationo/Kando, P., Sawadogo, N., Sawadogo, M. & Zongo, J.-D. 2015. Selection of 
phenotypic interests for the cultivation of the plant Cleome gynandra L. in the vegetable 
90 
 
gardens in Burkina Faso. Journal of Experimental Biology and Agricultural Sciences, 3, 288-
297. 
Kocira, A., Lamorska, J., Kornas, R., Nowosad, N., Tomaszewska, M., Leszczyńska, D., Kozłowicz, 
K. & Tabor, S. 2020. Changes in biochemistry and yield in response to biostimulants applied 
in bean (Phaseolus vulgaris L.). Agronomy, 10, DOI: 10.3390/agronomy10020189. 
Kocira, A., Swieca, M., Kocira, S., Zlotek, U. & Jakubczyk, A. 2018. Enhancement of yield, nutritional 
and nutraceutical properties of two common bean cultivars following the application of 
seaweed extract (Ecklonia maxima). Saudi Journal Biological Sciences, 25, 563-571. 
Kocira, S., Szparaga, A., Kuboń, M., Czerwińska, E. & Piskier, T. 2019. Morphological and 
biochemical responses of Glycine max (L.) Merr. to the use of seaweed extract. Agronomy, 9, 
DOI: 10.3390/agronomy9020093. 
Krah, K., Michelson, H., Perge, E. & Jindal, R. 2019. Constraints to adopting soil fertility management 
practices in Malawi: A choice experiment approach. World Development, 124, DOI: 
10.1016/j.worlddev.2019.104651. 
Kujeke, G. T., Gonye, E., Edziwa, X., Ncube, A., Masekesa, R. T., Icishahayo, D., Matikiti, A. & 
Chabata, I. 2017. Field performance of spider plant (Cleome gynandra L) under different 
agronomic practices. African Journal of Food, Agriculture, Nutrition and Development, 17, 
12179-12197. 
Kulkarni, M. G., Rengasamy, K. R. R., Pendota, S. C., Gruz, J., Plackova, L., Novak, O., Dolezal, K. 
& Van Staden, J. 2019. Bioactive molecules derived from smoke and seaweed Ecklonia maxima 
showing phytohormone-like activity in Spinacia oleracea L. New Biotechnology, 48, 83-89. 
Kumar, A., Maurya, B. R. & Raghuwanshi, R. 2014. Isolation and characterization of PGPR and their 
effect on growth, yield and nutrient content in wheat (Triticum aestivum L.). Biocatalysis and 
Agricultural Biotechnology, 3, 121-128. 
Kumar, D. S., Tony, D. E., Kumar, A. P., Kumar, K. A., Rao, D. B. S. & Nadendla, R. 2013. A review 
on: Abelmoschus esculentus (Okra). International Research Journal of Pharmaceutical and 
Applied Sciences 3, 129-132  
Kumar, U., Kumar Nayak, A., Shahid, M., Gupta, V. V. S. R., Panneerselvam, P., Mohanty, S., Kaviraj, 
M., Kumar, A., Chatterjee, D., Lal, B., Gautam, P., Tripathi, R. & Panda, B. B. 2018. 
Continuous application of inorganic and organic fertilizers over 47 years in paddy soil alters 
the bacterial community structure and its influence on rice production. Agriculture, Ecosystems 
& Environment, 262, 65-75. 
Kumari, P., Meena, M., Gupta, P., Dubey, M. K., Nath, G. & Upadhyay, R. S. 2018. Plant growth 
promoting rhizobacteria and their biopriming for growth promotion in mung bean (Vigna 
radiata (L.) R. Wilczek). Biocatalysis and Agricultural Biotechnology, 16, 163-171. 
Kwarteng, A. O., Abogoom, J., Adu Amoah, R., Nyadanu, D., Nyam, C. K., Ghunney, T., Awuah, E., 
Ziyaaba, J. Z., Ogunsanya, J. O., Orhin, E. E. & Asiedu, D. D. 2018. Phenomic characterization 
91 
 
of twenty-four accessions of spider plant ( Cleome gynandra L.) the Upper East region of 
Ghana. Scientia Horticulturae, 235, 124-131. 
Leon, N. D., Jannink, J.-L., Edwards, J. W. & Kaeppler, S. M. 2016. Introduction to a special issue on 
genotype by environment interaction. Crop Science Society of America, 56, 2081-2089. 
Lipczynska-Kochany, E. 2018. Humic substances, their microbial interactions and effects on biological 
transformations of organic pollutants in water and soil: A review. Chemosphere, 202, 420-437. 
Lokesha, R. 2018. The African spider plant (Gynandropsis pentaphylla – DC. Syn. Cleome gynandra 
Linn.) (Capparaceae): phytochemistry, pharmacological and biotechnological properties - a 
review. International Journal of Pharmacognosy and Chinese Medicine, 2, 1-14. 
Lötze, E. & Hoffman, E. W. 2015. Nutrient composition and content of various biological active 
compounds of three South African-based commercial seaweed biostimulants. Journal of 
Applied Phycology, 28, 1379-1386. 
Mahdavi, B. & Rahimi, A. 2013. Seed priming with chitosan improves the germination and growth 
performance of ajowan. EurAsian Journal of Biosciences, 7(1), 69-76. 
Mahmood, A., Turgay, O. C., Farooq, M. & Hayat, R. 2016. Seed biopriming with plant growth 
promoting rhizobacteria: a review. FEMS Microbiology Ecology, 92, DOI: 
10.1093/femsec/fiw112. 
Mahmoud, S. H., Salama, D. M., El-Tanahy, A. M. M. & Abd El-Samad, E. H. 2019. Utilization of 
seaweed (Sargassum vulgare) extract to enhance growth, yield and nutritional quality of red 
radish plants. Annals of Agricultural Sciences, 64, 167-175. 
Makena, I. M., Matsiliza-Mlathi, B. & Kleynhans, R. 2018. Seed propagation and seed anatomy of three 
Eucomis species. Acta Horticulturae, 1204, 263-272. 
Makkar, H. 2000. Quantification of tannins in tree and shrub foliage. A laboratory manual for the 
FAO/IAEA co-ordinated research project on ‘Use of Nuclear and Related Techniques to 
Develop Simple Tannin Assays for Predicting and Improving the Safety and Efficiency of 
Feeding Ruminants on Tanniniferous Tree Foliage’ [Online]. 
Mangmang, J. S., Deaker, R. & Rogers, G. 2016. Early seedling growth response of lettuce, tomato and 
cucumber to Azospirillum brasilense inoculated by soaking and drenching. Horticultural 
Science, 42, 37-46. 
Marinova, D., Ribarova, F. & Atanassova, M. 2005. Total phenolics and total flavonoids in Bulgarian 
fruits and vegetables. Journal of the University of Chemical Technology and Metallurgy, 40, 
255-260. 
Masondo, N. A., Aremu, A. O., Kulkarni, M. G., Petřík, I., Plačková, L., Šubrtová, M., Novák, O., 
Grúz, J., Doležal, K., Strnad, M., Finnie, J. F. & Van Staden, J. 2019. Elucidating the role of 
Kelpak® on the growth, phytohormone composition, and phenolic acids in macronutrient-
stressed Ceratotheca triloba. Journal of Applied Phycology, 31, 2687-2697. 
92 
 
Masondo, N. A., Kulkarni, M. G., Finnie, J. F. & Van Staden, J. 2018. Influence of biostimulants-seed-
priming on Ceratotheca triloba germination and seedling growth under low temperatures, low 
osmotic potential and salinity stress. Ecotoxicology and Environmental Safety, 147, 43-48. 
Meerman, J. 2012. World food insecurity and malnutrition: Scope, trends, causes and consequences. 
In: Thompson, B. & Cohen, M. J. (eds.) The Impact of Climate Change and Bioenergy on 
Nutrition. Springer. 
Menzel, C. 2005. Plant nutrition and fertilizing. Litchi and longan: botany, production, and 
uses,DOI:10.1079/9780851996967.0209. 
Messing, J., Thole, C., Niehues, M., Shevtsova, A., Glocker, E., Boren, T. & Hensel, A. 2014. 
Antiadhesive properties of Abelmoschus esculentus (Okra) immature fruit extract against 
Helicobacter pylori adhesion. PLoS One, 9, DOI: 10.137/journal.pone.0084836. 
Michalak, I., Dmytryk, A., Schroeder, G. & Chojnacka, K. 2017. The application of homogenate and 
filtrate from baltic seaweeds in seedling growth tests. Applied Sciences, 7, DOI: 
10.3390/app7030230. 
Miransari, M. & Smith, D. L. 2014. Plant hormones and seed germination. Environmental and 
Experimental Botany, 99, 110-121. 
Mishra, S. S., Moharana, S. K. & Dash, M. R. 2011. Review on Cleome gynandra. International Journal 
Of Research In Pharmacy And Chemistry, 1, 681-689. 
Moatshe, O. G., Emongor, V. E. & Mashiqa, P. K. 2020. Genotype effect on proximate and mineral 
analysis of safflower as a green leafy vegetable. Journal of Agricultural Science, 12, 260-267. 
Mohammad, Y. 2014. Enhancement of seed germination and seedling vigor of wheat (Triticum 
aestivum L.) following PGPR treatments. Scholars Journal of Agriculture and Veterinary 
Sciences, 1, 121-124. 
Mokganya, M. G. & Tshisikhawe, M. P. 2019. Medicinal uses of selected wild edible vegetables 
consumed by Vhavenda of the Vhembe District Municipality, South Africa. South African 
Journal of Botany, 122, 184-188. 
Molfetta, I., Ceccarini, L., Macchia, M., Flamini, G. & Cioni, P. L. 2013. Abelmoschus esculentus (L.) 
Moench. and Abelmoschus moschatus Medik: seeds production and analysis of the volatile 
compounds. Food Chemistry, 141, 34-40. 
Motsa, M. M., Slabbert, M. M., Van Averbeke, W. & Morey, L. 2015. Effect of light and temperature 
on seed germination of selected African leafy vegetables. South African Journal of Botany, 99, 
29-35. 
Naeem, M., Aslam, Z., Khaliq, A., Ahmed, J. N., Nawaz, A. & Hussain, M. 2018. Plant growth 
promoting rhizobacteria reduce aphid population and enhance the productivity of bread wheat. 
Brazilian Journal of Microbiology, 495, 9-14. 
93 
 
Nardi, S., Pizzeghello, D., Schiavon, M. & Ertani, A. 2016. Plant biostimulants: physiological responses 
induced by protein hydrolyzed-based products and humic substances in plant metabolism. 
Scientia Agricola, 73, 18-23. 
Nehra, V., Saharan, B. S. & Choudhary, M. 2016. Evaluation of Brevibacillus brevis as a potential plant 
growth promoting rhizobacteria for cotton (Gossypium hirsutum) crop. Springerplus, 5, 948-
959. 
Neugart, S., Baldermann, S., Ngwene, B., Wesonga, J. & Schreiner, M. 2017. Indigenous leafy 
vegetables of Eastern Africa - A source of extraordinary secondary plant metabolites. Food 
Research International, 100, 411-422. 
Ngoroyemoto, N., Gupta, S., Kulkarni, M. G., Finnie, J. F. & Van Staden, J. 2019. Effect of organic 
biostimulants on the growth and biochemical composition of Amaranthus hybridus L. South 
African Journal of Botany, 124, 87-93. 
Ngoroyemoto, N., Kulkarni, M. G., Stirk, W. A., Gupta, S., Finnie, J. F. & Staden, J. V. 2020. 
Interactions between microorganisms and a seaweed- derived biostimulant on the growth and 
biochemical composition of Amaranthus hybridus L. Natural Product Communications, 5, 1-
11. 
Nguemezi, C., Tematio, P., Yemefack, M., Tsozue, D. & Silatsa, T. B. F. 2020. Soil quality and soil 
fertility status in major soil groups at the Tombel area, South-West Cameroon. Heliyon, 6, DOI: 
10.1016/j.heliyon.2020.e03432. 
Nonogaki, H., Bassel, G. W. & Bewley, J. D. 2010. Germination—Still a mystery. Plant Science, 179, 
574-581. 
Nwoke, F. I. O. 1982. Effects of photoperiod on germination of seeds of Talinum triangulare (Jacq.) 
Willd. Annals of Botany, 49, 23-29. 
Odriozola-Serrano, I., Aguilό-Aquayo, I., Soliva-Fortuny, R., Gimeno-Añό, V. & Martίn-Belloso, O. 
2007. Lycopene, vitamin C, and antioxidant capacity of tomato juice as affected by high-
intensity pulsed electric fields critical parameters. Journal of Agricultural and Food Chemistry, 
55, 9036-9042. 
Ogwu, M. C., Osawaru, M. E., Aiwansoba, R. O. & Iroh, R. N. 2016. Ethnobotany and collection of 
West African Okra [Abelmoschus caillei (A. Chev.) Stevels] germplasm in some communities 
in Edo and Delta States, Southern Nigeria. Borneo Journal of Resource Science and 
Technology, 6, 25-36. 
Omondi, E. O., Engels, C., Nambafu, G., Schreiner, M., Neugart, S., Abukutsa-Onyango, M. & 
Winkelmann, T. 2017. Nutritional compound analysis and morphological characterization of 
spider plant (Cleome gynandra) - an African indigenous leafy vegetable. Food Research 
International, 100, 284-295. 
Onakpa, M. 2013. Ethnomedicinal, phytochemical and pharmacological profile of genus Abelmoschus. 
Phytopharmacology, 4, 648-669. 
94 
 
Orhan, E., Esitken, A., Ercisli, S., Turan, M. & Sahin, F. 2006. Effects of plant growth promoting 
rhizobacteria (PGPR) on yield, growth and nutrient contents in organically growing raspberry. 
Scientia Horticulturae, 111, 38-43. 
P´Erez-Pazos, J. V., Rosero, A., Martínez, R., P´Erez, J. E., Morelo, J., Araujo, H. & Burbano-Erazo, 
E. 2021. Influence of morpho-physiological traits on root yield in sweet potato (Ipomoea 
batatas Lam.) genotypes and its adaptation in a sub-humid environment. Scientia 
Horticulturae, 275, DOI: 10.1016/j.scienta.2020.109703. 
Pagnani, G., Pellegrini, M., Galieni, A., D’egidio, S., Matteucci, F., Ricci, A., Stagnari, F., Sergi, M., 
Lo Sterzo, C., Pisante, M. & Del Gallo, M. 2018. Plant growth promoting rhizobacteria (PGPR) 
in Cannabis sativa ‘Finola’ cultivation: An alternative fertilization strategy to improve plant 
growth and quality characteristics. Industrial Crops and Products, 123, 75-83. 
Palmieri, L., Masuero, D., Martinatti, P., Baratto, G., Martens, S. & Vrhovsek, U. 2017. Genotype-by-
environment effect on bioactive compounds in strawberry (Fragaria x ananassa Duch.). 
Journal of the Science of Food and Agriculture, 97, 4180-4189. 
Pandurangan, P., M¹, A., Nandhini, S., Selvam, M. & Stanley, S. 2014. Effect Of Humic Acid On Seed 
Germination Of Rophanus Sativus L. International Journal of ChemTech Research, 6, 4180-
4185. 
Panobianco, M. & Viera, R. D. 1996. Electrical conductivity of soybean soaked seeds. Pesquisa 
Agropecuária Brasileira, 31, 621-627. 
Papenfus, H. B., Kulkarni, M. G., Stirk, W. A., Finnie, J. F. & Van Staden, J. 2013. Effect of a 
commercial seaweed extract (Kelpak®) and polyamines on nutrient-deprived (N, P and K) okra 
seedlings. Scientia Horticulturae, 151, 142-146. 
Patil, P., Sutar, S., K, J. J., Yadav, S., Bhat, K. V., K., J. J., Malik, S. & Rao, S. 2015a. A systematic 
review of the genus Abelmoschus (Malvaceae). Rheedea, 25, 14-30. 
Patil, P., Yadav, S., Bhat, K. V., Sutar, S., Malik, S. K. & John, J. 2015b. Numerical taxonomy of 
Abelmoschus Medik. (Malvaceae) in India. Bangladesh Journal of Plant Taxonomy, 22, 87-98. 
Peltzer, K. & Phaswana-Mafuya, N. 2012. Fruit and vegetable intake and associated factors in older 
adults in South Africa. Global Health Action, 5, DOI: 10.3402/gha.v5i0.18668. 
Petropoulos, S., Fernandes, A., Barros, L. & Ferreira, I. 2018. Chemical composition, nutritional value 
and antioxidant properties of Mediterranean okra genotypes in relation to harvest stage. Food 
Chemistry, 242, 466-474. 
Pise, D. N. & Sabale, A. 2010. Effect of seaweed concentrates on the growth and biochemical 
constituents of Trigonella Foenum-Graecum L. Journal of Phytology, 2, 50-56. 
Poorva, D. & Sunita, M. 2017. A review on: Diabetes and okra (Abelmoschus esculentus). Journal of 
Medicinal Plants Studies, 5, 23-26. 
95 
 
Prathibha, K. S. & Siddalingeshwara, K. G. 2013. Effect of plant growth promoting Bacillus subtilis 
and Pseudomonas fluorescence as Rhizobacteria on seed quality of sorghum. International 
Journal of Microbiology and Applied Science, 2, 11-18. 
Radhakrishnan, R. & Baek, K. H. 2017. Physiological and biochemical perspectives of non-salt tolerant 
plants during bacterial interaction against soil salinity. Plant Physiology and Biochemistry, 116, 
116-126. 
Rafiee, H., Badi, H. N., Mehrafarin, A., Qaderi, A., Zarinpanjeh, N., Sekara, A. & Zand, E. 2016. 
Application of plant biostimulants as new approach to improve the biological responses of 
medicinal plants- a critical review. Journal of Medicinal Plants, 15, 6-39. 
Ramírez, D. A., Yactayo, W., Gutiérrez, R., Mares, V., De Mendiburu, F., Posadas, A. & Quiroz, R. 
2014. Chlorophyll concentration in leaves is an indicator of potato tuber yield in water-shortage 
conditions. Scientia Horticulturae, 168, 202-209. 
Rathore, S. S., Chaudhary, D. R., Boricha, G. N., Ghosh, A., Bhatt, B. P., Zodape, S. T. & Patolia, J. S. 
2009. Effect of seaweed extract on the growth, yield and nutrient uptake of soybean (Glycine 
max) under rainfed conditions. South African Journal of Botany, 75, 351-355. 
Rengasamy, K. R., Kulkarni, M. G., Pendota, S. C. & Van Staden, J. 2016. Enhancing growth, 
phytochemical constituents and aphid resistance capacity in cabbage with foliar application of 
eckol-a biologically active phenolic molecule from brown seaweed. New Biotechnology, 33, 
273-279. 
Rengasamy, K. R. R., Kulkarni, M. G., Stirk, W. A. & Staden, J. V. 2015. Eckol -a new plant growth 
stimulant from the brown seaweed Ecklonia maxima. Journal of Applied Phycology, 27, 581-
587. 
Riaz, S. & Abid, R. 2018. Significance of seed micromorphological characters and seed coat elements 
for the taxonomic delimitation of the genus Cleome L. (Cleomaceae) from Pakistan. Pakistan 
Journal of Botany, 50, 271-277. 
Roberts, J. A., Kerns, J. P. & Ritchie, D. F. 2015. Bacterial etiolation of creeping bentgrass as influenced 
by biostimulants and trinexapac-ethyl. Crop Protection, 72, 119-126. 
Rodrigues, L. A., Alves, C. Z., Rego, C. H. Q., Silva, T. R. B. D. & Silva, J. B. D. A. 2017. Humic acid 
on germination and vigor of corn seeds. Revista Caatinga, 30, 149-154. 
Román-Ponce, B., Reza-Vázquez, D. M., Gutiérrez-Paredes, S., De Haro-Cruz, M. D. J., Maldonado-
Hernández, J., Bahena-Osorio, Y., Estrada-De Los Santos, P., Wang, E. T. & Vásquez-
Murrieta, M. S. 2017. Plant growth promoting traits in rhizobacteria of heavy metal-resistant 
plants and their effects on Brassica nigra seed germination. Pedosphere, 27, 511-526. 
Ronquest-Ross, L.-C., Vink, N. & Sigge, G. O. 2015. Food consumption changes in South Africa since 
1994. South African Journal of Science, 111, DOI: 10.17159/sajs.2015/20140354. 
96 
 
Rouphael, Y. & Colla, G. 2018. Synergistic biostimulatory action: Designing the next generation of 
plant biostimulants for sustainable agriculture. Frontiers Plant Science, 9, DOI: 
10.3389/fpls.2018.01655. 
Rouphael, Y., Giordano, M., Cardarelli, M., Cozzolino, E., Mori, M., Kyriacou, M., Bonini, P. & Colla, 
G. 2018. Plant- and seaweed-based extracts increase yield but differentially modulate 
nutritional quality of greenhouse spinach through biostimulant action. Agronomy, 8, DOI: 
10.3390/agronomy8070126. 
Roy, A., Shrivastava, S. L. & Mandal, S. M. 2014. Functional properties of Okra Abelmoschus 
esculentus L. (Moench): traditional claims and scientific evidences. Plant Science Today, 1, 
121-130. 
Ruzzi, M. & Aroca, R. 2015. Plant growth promoting rhizobacteria act as biostimulants in horticulture. 
Scientia Horticulturae, 196, 124-134. 
Salma, L., Aymen, E. M., Maher, S., Hassen, A., Chérif, H., Halima, C., Mounir, M. & Mimoun, E. 
2014. Effect of seaweed extract of Sargassum vulgare on germination behavior of two bean 
cultivars (Phaseolus vulgaris L) under salt stress. Journal of Agriculture and Veterinary 
Science, 7, 116-120. 
Samaniego Gámez, B., Garruña, R., Tun-Suárez, J., Kantun-Can, J., Reyes-Ramírez, A. & Cervantes-
Díaz, L. 2016. Bacillus spp. Inoculation improves photosystem II efficiency and enhances 
photosynthesis in pepper plants. Chilean Journal of Agricultural Research, 76, 409-416. 
Sangha, J. S., Kelloway, S., Critchley, A. T. & Prithiviraj, B. 2014. Seaweeds (macroalgae) and their 
extracts as contributors of plant productivity and quality. In: Bourgougnon, N. (ed.) Sea 
PlaAdvances in Botanical Research. Academic Press. 
Sanginga, N. & Woomer, P. L. 2009. Integrated Soil Fertility Management in Africa: Principles, 
Practices and Developmental Process. , Nairobi, Tropical Soil Biology and Fertility Institute 
of the International Centre for Tropical Agriculture. 
Sansinenea, E. 2019. Bacillus spp.: as plant growth promoting bacteria. In: Singh, H., Keswani, C., 
Reddy, M., Sansinenea, E. & García-Estrada, C. (eds.) Secondary metabolites of plant growth 
promoting rhizomicroorganisms. Singapore: Springer. 
Sarić-Krsmanović, M., Božić, D., Radivojević, L., Umiljendić, J. G., Šantrić, L. & Vrbničanin, S. 2017. 
Effects of plant growth promoting rhizobacteria (PGPR) and cover crops on seed germination 
and early establishment of field dodder (Cuscuta campestris Yunk.). Journal of Pesticides and 
Phytomedicine, 32, 105–111. 
Sarwar, M., Patra, J. K., ALI, A., MAQBOOL, M. & ARSHAD, M. I. 2019. Effect of compost and 
NPK fertilizer on improving biochemical and antioxidant properties of Moringa oleifera. South 
African Journal of Botany, 129, 62-66. 
97 
 
Sasikala, M., Indumathi, E., Radhika, S. & Sasireka, R. 2016. Effect of seaweed extract (Sargassum 
tenerrimum) on seed germination and growth of tomato plant (Solanum lycopersicum). 
International Journal of ChemTech Research, 9, 285-293. 
Savaedi, Z., Parmoon, G., Moosavi, S. A. & Bakhshande, A. 2019. The role of light and gibberellic acid 
on cardinal temperatures and thermal time required for germination of Charnushka (Nigella 
sativa) seed. Industrial Crops and Products, 132, 140-149. 
Seethapathy, G. S., Raclariu-Manolica, A. C., Anmarkrud, J. A., Wangensteen, H. & De Boer, H. J. 
2019. DNA metabarcoding authentication of Ayurvedic herbal products on the European 
market raises concerns of quality and fidelity. Frontiers in Plant Science, 10, DOI: 
10.3389/fpls.2019.00068. 
Šerá, B. & Novák, F. 2011. The effect of humic substances on germination and early growth of Lamb’s 
Quarters (Chenopodium album agg.). Biologia, 66, 470-476. 
Sharma, H. S. S., Fleming, C., Selby, C., Rao, J. R. & Martin, T. 2013. Plant biostimulants: a review 
on the processing of macroalgae and use of extracts for crop management to reduce abiotic and 
biotic stresses. Journal of Applied Phycology, 26, 465-490. 
Singh, H., Mishra, A. & Mishra, A. K. 2018. The chemistry and pharmacology of Cleome genus: A 
review. Biomedicine & Pharmacotherapy, 101, 37-48. 
Sirohi, G., Upadhyay, A., Srivastava, P. S. & Srivastava, S. 2015. PGPR mediated Zinc biofertilization 
of soil and its impact on growth and productivity of wheat. Journal of Soil Science and Plant 
Nutrition, 15, 202-216. 
Smith, P., House, J. I., Bustamante, M., Sobocka, J., Harper, R., Pan, G., West, P. C., Clark, J. M., 
Adhya, T., Rumpel, C., Paustian, K., Kuikman, P., Cotrufo, M. F., Elliott, J. A., Mcdowell, R., 
Griffiths, R. I., Asakawa, S., Bondeau, A., Jain, A. K., Meersmans, J. & Pugh, T. A. 2016. 
Global change pressures on soils from land use and management. Global Change Biology, 22, 
1008-28. 
Sofi, A., Ebrahimi, M. & Shirmohammadi, E. 2018. Effect of humic acid on germination, growth, and 
photosynthetic pigments of Medicago sativa L. under salt stress. Ecopersia, 6, 21-30. 
Sogbohossou, E. O. D., Achigan-Dako, E. G., Maundu, P., Solberg, S., Deguenon, E. M. S., Mumm, 
R. H., Hale, I., Van Deynze, A. & Schranz, M. E. 2018. A roadmap for breeding orphan leafy 
vegetable species: a case study of Gynandropsis gynandra (Cleomaceae). Horticulture 
Research, 5, 1-15. 
Sokrab, A. M., Ahmed, I. A. M. & Babiker, E. E. 2011. Effect of genotype on chemical composition, 
total energy, antinutrients, and total and extractable minerals of corn. International Journal of 
Agriculture: Research and Review, 1, 38-43. 
Souguir, M. & Hannachi, C. 2017. Response of sesame seedlings to different concentrations of humic 




Stamenov, D., Djuric, S. & Jafari, T. H. Effect of PGPR on the germination and early development of 
onion (Allium cepa).  ISER 137th International Conference, 2018 Paris, France.  
Stewart-Wade, S. M. 2020. Efficacy of organic amendments used in containerized plant production: 
Part 1 – Compost-based amendments. Scientia Horticulturae, 266, DOI: 
10.1016/j.scienta.2019.108856. 
Stewart, Z. P., Pierzynski, G. M., Middendorf, B. J. & Prasad, P. V. V. 2020. Approaches to improve 
soil fertility in sub-Saharan Africa. Journal of Experimental Botany, 71, 632-641. 
Stirk, W. A., Rengasamy, K. R., Kulkarni, M. G. & Van Staden, J. 2020. Plant biostimulants from 
seaweed: An overview. In: GEELEN, D. & XU, L. (eds.) The Chemical Biology of Plant 
Biostimulants. Wiley, Chichester. 
Stirk, W. A. & Van Staden, J. 2014. Plant growth regulators in seaweeds: occurrence, regulation and 
functions. Advances in Botanical Research, 71, 125-159. 
Tahat, M. M., Alananbeh, M. K., Othman, M. Y. & Leskovar, I. D. 2020. Soil health and sustainable 
agriculture. Sustainability, 12, DOI: 10.3390/su12124859. 
Theodore, H. T. 2010. Micronutrient defi ciency conditions: Global health issues. Public Health 
Reviews, 32, 243-255. 
Thirumaran, G., Arumugam, M., Arumugam, R. & Anantharaman, P. 2009. Effect of seaweed liquid 
fertilizer on growth and pigment concentration of Abelmoschus esculentus (L.) Medikus. 
American-Eurasian Journal of Agronomy, 2, 57-66. 
Tian, Z. H., Miao, F. T., Zhang, X., Wang, Q. H., Lei, N. & Guo, L. C. 2015. Therapeutic effect of okra 
extract on gestational diabetes mellitus rats induced by streptozotocin. Asian Pacific Journal of 
Tropical Medicine, 8, 1038-1042. 
Tsukanova, K. A., Сhеbоtаr, V. К., Meyer, M. & Bibikova, T. N. 2017b. Effect of plant growth 
promoting Rhizobacteria on plant hormone homeostasis. South African Journal of Botany, 113, 
91-102. 
Van Oosten, M. J., Pepe, O., De Pascale, S., Silletti, S. & Maggio, A. 2017. The role of biostimulants 
and bioeffectors as alleviators of abiotic stress in crop plants. Chemical and Biological 
Technologies in Agriculture, 4, 1-12. 
Vieira, J. H., Silva, L. K. D. S., Oliveira, L. C. D., Carmo, J. B. D., Rosa, L. M. T. & Botero, W. G. 
2018. Evaluation of germination of chilli pepper using humic substances and humic acids. 
Journal of Environmental Science, 12, 33-39. 
Voltr, V. 2012. Concept of soil fertility and soil productivity: evaluation of agricultural sites in the 
Czech Republic. Archives of Agronomy and Soil Science, 58, S243-S251. 
Wadas, W. & Dziugieł, T. 2020. Changes in assimilation area and chlorophyll content of very early 




Wakjira, K. & Negash, L. 2013. Germination responses of Croton macrostachyus (Euphorbiaceae) to 
various physico-chemical pretreatment conditions. South African Journal of Botany, 87, 76-83. 
Wang, W. Q., Liu, S. J., Song, S. Q. & Moller, I. M. 2015. Proteomics of seed development, desiccation 
tolerance, germination and vigor. Plant Physiology and Biochemistry, 86, 1-15. 
Wang, Y., Xiang, L., Wang, S., Wang, X., Chen, X. & Mao, Z. 2017. Effects of seaweed fertilizer on 
the Malus hupehensis Rehd. seedlings growth and soil microbial numbers under continue 
cropping. Acta Ecologica Sinica, 37, 80–186. 
Wang, Z.-H., Li, S.-X. & Malhi, S. 2008. Effects of fertilization and other agronomic measures on 
nutritional quality of crops. Journal of the Science of Food and Agriculture, 88, 7-23. 
Wealth, S. & Protection, I. C. 2018. Organic soil amendments. In: Review, G. S. A. (ed.). (Uknown). 
Werner, O., Magdy, M. & Ros, R. M. 2015. Molecular systematics of Abelmoschus (Malvaceae) and 
genetic diversity within the cultivated species of this genus based on nuclear ITS and 
chloroplast rpL16 sequence data. Genetic Resources and Crop Evolution, 63, 429-445. 
Winter, C. K. & Davis, S. F. 2006. Organic Foods. Journal of Food Science, 71, R117-R124. 
World Vegetable Center. 2019. Adopt a seed. Accessed 15 May 2020, https://avrdc.org/give/. 
Wu, T.-H., Solberg, S. O., Yndgaard, F. & Chou, Y.-Y. 2017. Morphological patterns in a world 
collection of Cleome gynandra. Genetic Resources and Crop Evolution, 65, 271-283. 
Xiao, A. W., Li, Z., Li, W. C. & Ye, Z. H. 2020. The effect of plant growth promoting rhizobacteria 
(PGPR) on arsenic accumulation and the growth of rice plants (Oryza sativa L.). Chemosphere, 
242, DOI: 10.1016/j.chemosphere.2013.125136. 
Ya, T., Gilbert, M. G. & Dorr, L. J. 1984. Malvaceae. (Unknown) 
Yadav, J., Verma, J. P. & Tiwari, K. N. 2010. Effect of plant growth promoting Rhizobacteria on seed 
germination and plant growth Chickpea (Cicer arietinum L.) under in vitro conditions. 
Biological Forum- An International Journal, 2, 15-18. 
Yadav, S. R., Sutar, S. P., Bhat, K. V., John, K. J., Nissar, M., Khrishnan, G., Malik, S. K., Rao, S. R. 
& Merita, K. 2014. Genus Abelmoschus Medik. in India- an illustrated guide for species 
identification. Indian Council of Agricultural Research, New Delhi. 
Yakhin, O. I., Lubyanov, A. A., Yakhin, I. A. & Brown, P. H. 2016. Biostimulants in plant science: A 
global perspective. Frontiers in Plant Science, 7, DOI: 10.3389/fpls.2016.2049. 
Yasaminshirazi, K., Hartung, J., Fleck, M. & Graeff-Hoenninger, S. 2020. Bioactive compounds and 
total sugar contents of different open-pollinated beetroot genotypes grown organically. 
Molecules, 25, DOI: 10.3390/molecules25214884. 
Yebo, B. 2015. Intergrated soil fertility management for better crop production in Ethopia. International 
Journal Of Soil Science, 10, 1-16. 
Yeh, D.-M., Lin, L. & Wright, C. J. 2000. Effects of mineral nutrient deficiencies on leaf development, 
visual symptoms and shoot–root ratio of Spathiphyllum. Scientia Horticulturae, 86, 223-233. 
100 
 
Zhang, J., Balkovic, J., Azevedo, L. B., Skalsky, R., Bouwman, A. F., Xu, G., Wang, J., Xu, M. & Yu, 
C. 2018. Analyzing and modelling the effect of long-term fertilizer management on crop yield 



















Table 1: Analysis of variance (ANOVA) for the effect of biostimulant application and genotype 
difference on Abelmoschus esculentus seed germination. FGP = final germination percentage, 
MGT = mean germination time, GI = germination index, CVG = coefficient of velocity of 
germination, GRI = germination rate index, TSG = time spread of germination. 
Source of 
variation 
df MS   
FGP  MGT GI CVG GRI TSG 
Genotype 
(G) 




6 5963.53*** 2.2002*** 75466.8*** 31.687*** 6540.91*** 5.321* 
G ×B 24 333.31*** 0.1838 n.s 4142.6*** 2.756 n.s 327.56*** 1.630 n.s 
Residual 70 65.98 0.1497 757.9 1.684 77.26 1.990 
Total 104       
* = p≤0.05, *** = p ≤0.001, ns = not significant.  
df = Degrees of freedom, MS = Mean squares. 
 
Table 2: Analysis of variance (ANOVA) for the effect of biostimulant application and genotype 
difference on Cleome gynandra seed germination. FGP= final germination percentage, MGT= 
mean germination time, GI= germination index, CVG= coefficient of velocity of germination, 









FGP MGT GI CVG GRI TSG 
Genotype 6 1946.13*** 0.89 n.s 45802.5*** 5.818*** 313.065 15.867*** 
Treatment 6 126.58*** 5.873 n.s 2769.3*** 0.9518*** 18.985 8.016** 
G ×B 24 80.36*** 3.18 n.s 1625.7*** 0.6644*** 8.789 4.139 
Residual 70 30.32 3.986 626 0.2324 3.057 2.61 
Total 104       
* = p≤0.05, ** = p ≤0.01, *** = p ≤0.001, ns = not significant.  







Table 3: Analysis of variance (ANOVA) for the effect of biostimulant application and genotype 












Genotype 4 102823* 38.59* 6.14 n.s 6.662 n.s 
Treatment 6 225161*** 18.53 n.s 143.32*** 35.094*** 
G ×B 24 28253 n.s 12.58 n.s 21.34 n.s 2.419 n.s 
Residual 140 34271 14.72 18.2 3.249 
Total 174 
    
* = p≤0.05, *** = p ≤0.001, ns = not significant.  
df = Degrees of freedom, MS = Mean squares. 
 
 
Table 4: Analysis of variance (ANOVA) for the effect of biostimulant application and genotype 







No. of pods 
Total fresh weight 
of pods 
Total dry weight of 
pods 
Genotype 4 33.41 n.s 930.0 n.s 18.07 n.s 
Treatment 6 94.28*** 8696.3*** 255.88*** 
G ×B 24 24.01 n.s 710.6 n.s 15.64 n.s 
Residual 136 16.25 740.3 13.44 
Total 174    
 *** = p ≤0.001, ns = not significant.  











Table 5: Analysis of variance (ANOVA) for the effect of biostimulant application and genotype 














Genotype 3 45688 n.s 518.2 n.s 30.44 n.s 1.732 n.s 
Treatment 6 11553 n.s 344.6 n.s 169.02 n.s 10.261*** 
G ×B 18 13222 n.s 137.7 n.s 61.73 n.s 2.616 n.s 
Residual 108 23761  233.8  81.73  2.485  
Total 139     
 *** = p ≤0.001, ns = not significant.  
df = Degrees of freedom, MS = Mean squares. 
 
 
Table 6: Analysis of variance (ANOVA) for the effect of biostimulant application and genotype 
difference on Cleome gynandra yield parameters. 





Total fresh weight of 
leaves 
Total dry weight of 
leaves 
Genotype 3 15.42 n.s 0.6031 n.s 
Treatment 6 395.64*** 11.1019*** 
G ×B 18 25.22 n.s 0.7653 n.s 
Residual 107 20.07 0.6707 
Total 138   
*** = p ≤0.001, ns = not significant.  








Table 7: Analysis of variance (ANOVA) for the effect of biostimulant application and genotype 




















Genotype 4 3.07*** 17.79*** 17.84*** 9.18*** 3.42*** 
Treatment 6 1.31*** 37.38*** 7.34*** 5.49*** 0.43*** 
G ×B 24 1.27*** 34.95*** 12.71*** 7.96*** 0.31*** 
Residual 70 0.00 0.17 0.47 0.12 0.01 
Total 104      
 *** = p ≤0.001.  
df = Degrees of freedom, MS = Mean squares. 
 
 
Table 8: Analysis of variance (ANOVA) for the effect of biostimulant application and genotype 








Ca Fe K  Mg Na 
Genotype 4 57997755.00*** 27175.10*** 
7.83 ×
109*** 79595816.00*** 15911508.00*** 
Treatment 6 5700772.00*** 3781.20*** 
4.93 ×
108*** 2373265.00*** 401018.00*** 
G ×B 24 6410035.00*** 7071.20*** 
1.15×
109*** 10056126.00*** 1522153.00*** 
Residual 70 340822 113.1 6.22× 107 375455 30.00 
Total 104      
*** = p ≤0.001.  










Table 9: Analysis of variance (ANOVA) for the effect of biostimulant application and genotype 


















Genotype 3 17603.76*** 475.78*** 152.18*** 0.01*** 0.06*** 
Treatment 6 5234.67*** 183.364*** 24.56*** 0.03*** 0.03*** 
G ×B 18 8560.67*** 213.41*** 33.37*** 0.02*** 0.3*** 
Residual 56 19.04 2.902 0.76 0.00 0.00 
Total 83      
 *** = p ≤0.001.  
df = Degrees of freedom, MS = Mean squares. 
 
Table 10: Analysis of variance (ANOVA) for the effect of biostimulant application and genotype 








Ca Fe K Mg Na 
Genotype 3 298903.00*** 13.35*** 5518017.00*** 43881.00*** 1174.07*** 
Treatment 6 11304.00 n.s 15.91*** 9419949.00*** 30494.00*** 404.84*** 
G ×B 18 93022.00*** 22.3289*** 9240245.00*** 36363.00*** 383.99*** 
Residual 56 5889.00 0.55 7984.00 1730.00 20.82 
Total 83      
*** = p ≤0.001, ns = not significant.  
df = Degrees of freedom, MS = Mean squares. 
 
Table 11: List of chemicals used in the study and their manufacturers. 
Chemical Manufacturer 
Acetone Sigma-Aldrich, USA 
Aluminium chloride Fluka Analytical, USA 
Ascorbic acid Rochelle Chemicals, South Africa 
Butanol AnaloR® Merck, Germany 
Catechin Sigma-Aldrich, USA 
Cyanidin chloride Sigma-Aldrich, USA 
Ferric reagent PAL Chemicals, India 
Folin-Ciocalteu reagent  Sigma-Aldrich, USA 
Gallic acid Sigma-Aldrich, USA 
HCl Minema Chemicals, South Africa 
Hexane VWR, PROLABO® Chemicals, France 
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Hydrochloric acid Mayise lab, South Africa 
Metaphosphoric acid Sigma-Aldrich, USA 
Methanol Merck KGaA, Germany 
NaCl Sigma-Aldrich, USA 
NaNO2 Rochelle Chemicals, South Africa 
NaOH Rochelle Chemicals, South Africa 
Nitric acid Mayise lab, South Africa 
Sodium Hypochlorite Sigma-Aldrich, USA 
𝛽-carotene Sigma-Aldrich, USA 
 
 
